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Boc cat. (2 mol%)
acac (1.1 eq.)













93 - 99% yield

















































































































































































R = unsaturated fatty acid
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+ R1OH + R2OH





+ R3OH Base = Pyridine
            Et3N
            N,N-Dimethylaniline 30 - 84%
Oxidant (1.0 - 10 eq.)
Oxidant = H2O2
                 I2
                 tBuOOTMS
(1)
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Reagent (1.1 - 3.0 eq.)
Reagent = tetrazole
                 5-Methyltetrazole
                 2,4-Dinitrophenol
(2.0 - 3.0 eq.)
(1.0 eq.)
Oxidant (1.3 - 2.0 eq.)
Oxidant = m-CPBA




























DCM, r.t., 10 min.
R1OH (2.0 eq.)
r.t., 30 min.









DCM, r.t., 10 min.
R2OH (2.0 eq.)
r.t., 30 min.




































R1OH (0.9 - 1.0 eq.)
DBU (1.0 - 1.37 eq.)
MS 3A (100 - 200 wt%)
Toluene, r.t., 1.5 - 5.5 h
R2OH (3.0 eq.)
DBU (2.5 - 3.0 eq.)
MS 3A (100 wt%)
Toluene, r.t., 17 - 47 h
(5)






















































Entry R1OH Base Temp. Time (h) Yield b (%)
1
OH






DBU r.t. 5 95











DBU r.t. 8 quant.
9
OH
DBU r.t. 24 70
3 OHCbzHN DBU r.t. 5 93
4 OH







































































（Table 1, continued.） 
 
まず、アルコールにβ-フェネチルアルコール、塩基にDBUを用いて反応を行った。そ









なった（Table 1, Entry 9）。そこで、DBUよりも強塩基である tBuOLi と tBuONaを
用いて反応を行った（Table 1, Entries 10 and 11）。tBuONaを用いた場合、目的物
2i の収率は低かったが、tBuOLi を用いることで目的物 2i を高収率で得ることに成功し
10
OH
tBuOLi e -45℃ 3 91 c
11
OH

















a Phosphate ester (1.2 eq.), alcohol (1.0 eq.), and DBU (1.0 eq.) were stirred in toluene. b Isolated yield.
c Phosphate ester (1.2 eq.), alcohol (1.0 eq.), and tert-butoxide (1.05 eq.) were stirred in toluene. 
d Phosphate ester (1.0 eq.) and tBuOLi (1.05 eq.) were stirred in toluene. 
































O 0 d3tBuOLi eー15 -45℃
 9 
た。また、他の２級アルコールを用いても同様に高収率で目的物 2j-2l を得ることがで
きた（Table 1, Entries 12 - 14）。３級アルコールを用いた場合、目的物を得ることは





テル交換と行う目的でと tert-ブチルアルコールとの反応を行った（Table 2）。 
 
まず、Table1 の条件を基に DBU と tert-ブチルアルコールを用いて反応を行ったが、
反応は進行しなかった（Table 2, Entry 1）。次にDBUよりも強塩基であるTBD (1,5,7-
トリアザビシクロ[4,4,0]デカ-5-エン)を用いて反応を試みたがこちらの場合でも反応は


























Entry tert-butoxide (eq.) Temp. Solvent Time (h) Yield a (%)
6 tBuOK (2.0) 0℃ THF 2.5 14
tBuONa (2.0) 0℃ THF 2.5 147
tBuOLi (2.0) 0℃ THF 2.5 53
tBuOLi b (2.0) 0℃ THF/toluene c 2.5 56
tBuOLi b (2.0) THF/toluene c 3 73-45℃





a Isolated yield. b1.0 mol/L of hexane solution was used. c THF/toluene = 1/1.
c Column chromatography was not carried out.



















tBuOLi b (1.1) toluene 0.5 95c0℃12
2 TBD (2.0)tBuOH (2.0) r.t. 4MTHP 1.5 n.r.
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カチオンの検討を行った（Table 2, Entries 3 - 8）。その結果、過剰量のリチウム tert-
ブトキシドを用いた場合に最も良い収率で目的物を 3a 得ることができた（Table 2, 
Entry 8）。続いて反応溶媒と反応温度の検討を行った（Table 2, Entries 9 - 11）。
種々の検討の結果、この反応は非極性溶媒であるトルエンを反応溶媒に用いて低温条件
下で行うことで目的物3aを高収率で得ることができることが分かった（Table 2, Entry 
11）。しかし、Entry 11 の条件では収率の再現性が低かった。また、目的物 3a はカラ
ムクロマトグラフィーによる精製段階で分解が確認された。以上のことを踏まえて、
０℃で短時間にて反応を行い、後処理に分液操作のみを行うことで単一の目的物 3a を
再現性良く高収率で得ることができた（Table 2, Entry 12）。 
  次に Table1, Entry 10 の反応条件を用いて様々なリン酸アルキルビス（トリフルオ




























































































































行し、目的物を高収率で得ることができた（Table 3, Entries 1 - 3）。また、エステル
基やケトン基を有するアルコールを用いても高収率で目的物を得ることができた
（Table 3, Entries 4 and 5）。次に２級アルコールを用いて反応を行ったが、１級ア
ルコールと同様の収率で目的物を得ることができた。さらに、ベンジルアルコールやア
リルアルコールなど生成物が容易にリン酸ジエステルへと変換可能である基質におい


















a Phosphate ester (1.0 eq.) and 0.8 - 1.2 equiv of alcohol and tBuOLi (1.0 mol/L of hexane solution)
were stirred in toluene at -45℃, and the reaction was quenched with a toluene solution of AcOH at











































































Entry Dialkyl trifluoroethylPhosphate 3
+ Base















































































































































（Table 4, continued.） 
 
この反応で用いているリチウムアルコキサイドは Table 3 と同様に反応系内において
tBuOLi または LDAと対応するアルコールから調製した。また、リン酸ジアルキルトリ
フルオロエチル 3 は脱離基となるトリフルオロエチル基が１つしかないため、この反
応では反応温度を室温または 0℃で行った。反応の結果、１級アルコール（Table 4, 
Entries 1, 4, 7 and 8）、２級アルコール（Table 4, Entries 2, 5 and 9）、及び３級
アルコール（Table 4, Entries 2, 5 and 9）いずれのアルコールを用いた場合でも高収
率で目的のリン酸トリエステルを合成することができた。しかし、立体障害の大きなリ
ン酸エステル 3a や３級アルコールを用いて反応を行った場合、反応の進行が遅く、過
剰量の塩基が必要であった（Table 4, Entries 1 ‒ 3 and 6）。また、この反応ではケト
ン基、アセタール基、及びカルバメート基が存在していても反応は良好に進行した。一
方で、アルコールに６-ヒドロキシヘキサン酸エチルを用いた場合、ラクトン化反応の
進行を抑制するために低温条件で行う必要があった（Table 4, Table 7）。 
 
 以上のように本研究では、入手容易なリン酸トリス（トリフルオロエチル）を出発原



















a Phoaphate ester (1.0 eq.) and 0.8 - 1.2 eq. of alcohol and tBuOLi (1.0 mol/L of hexane solution) were stirred in toluene,














































































EtN3 (1.1 - 2.5 eq.)
(1.1 - 2.5 eq.)
(1.0 eq.)





47 - 92 %
Me3N (excess)
MeCN, 65 - 75℃
24 - 48 h (Ref. 9)
NH3 (excess)





















































































































R’ = sugar chain
56 - 87% from R’OH
Scheme 3. Synthesis of phosphoglycolipids using H-Phosphonate method.
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これらの手法以外にも光延反応を用いたリン脂質合成や第１節で述べたホスホロアミ













節で合成したリン酸ジアルキルトリフルオロエチル 3a, 3i, 3j とグリセロール誘導体を
用いてエステル交換反応を行うことで効率良くリン脂質を合成する検討を行った。 

























































































31 - 55% from diacylglycerol














各反応条件はTable 4 を参考に決定した。3a, 3i, 3j のいずれのリン酸ジアルキルトリ
フルオロエチルにおいても効率良くエステル交換反応が進行し、目的のグリセロリン脂


















Table 5. Transesterification of dialkyl trifluoroethyl phosphate 3 with glycerol derivative










b Phosphate ester (1.2 eq.), glycerol (1.0 eq.) and tert-butoxide (2.2 eq.) were stirred in toluene.
c Phosphate ester (1.0 eq.), glycerol (1.5 eq.) and tert-butoxide (2.5 eq.) were stirred in toluene.




































































0℃, 8 h 73
0℃, 8 h 68
tBuOLi













































Table 6. Deprotection of TBS groups





Et3N (5 eq.) 92
3




THF, r.t., 12 h
1N HCl aq.


































































































































EtOH, r.t., 3 h
 19 
(Table 6, continued) 
 
まず、グリセロリン脂質誘導体 10a に対してトリエチルアミン３フッ化水素塩を用い
てTBS基の脱保護を行った（Table 6, Entry 1）。その結果、TBS基の脱保護は良好に
進行し、目的の脱保護体 11a を収率 92%で得ることができた。また、グリセロリン脂
質 10b のベンジル保護を水素添加によって脱保護を行うことで、脱保護体 11a を収率
83%で得ることもできた(Table 6, Entry 2)。次にグリセロリン脂質誘導体 10d に対し
て Entry 1 と同じ条件で反応を行ったところ、目的の脱保護体 11b を得ることはでき
なかった（Table 6, Entry 3）。この時、出発原料の消失は認められなかった。そこで、
より反応性の高い TBAFを用いて反応を行った。しかし、この反応条件でも目的物を得





みたが目的物を得ることはできなかった（Table 6, Entry 6）。そこで、硫酸水素ナト
リウムによる温和な条件による TBS 基の脱保護の報告[16]を基に反応を行ったところ、
収率 63%で目的の脱保護体 11b を得ることが出来た（Table 6, Entry 7）。しかし、
この反応条件では反応時間が長く、脱保護と分解反応が競争的に進行していた。そこで、
過剰量の硫酸水素ナトリウムを用いて低温下で反応を行った（Table 6, Entry 8）。そ
の結果、目的の脱保護体 11b を収率 88%で得ることに成功した。次に、この Entry 8
の条件を用いてグリセロリン脂質誘導体 10f の TBS 基の脱保護を行った（Table 6, 










































次に脱保護体 11a-c と脂肪酸による縮合反応を行った（Table 7）。 
 
脱保護体 11a-c のいずれの脱保護体においても効率良く縮合反応が進行し、目的のジ
アシルグリセロリン脂質誘導体 12a-d を良好な収率で合成することができた（Table 7, 









































Table 7. Esterification of diol 11 with fatty acid
a Isolated yield.
b Diol (1.0 eq.), stearic acid (2.5 eq.), EDC•HCl (3.0 eq.) and DMAP (1.0 eq.) were stirred in CH2Cl2.
















































































ジアシルグリセロリン脂質誘導体 12a,b では酸性条件下にて Boc 基と tBu 基を脱保護
させ、目的のホスファチジルエタノールアミン 13a-c を高収率で得ることができた
（Table 8, Entries 1-3）。続いてジアシルグリセロリン脂質誘導体 12c を水素添加条
件で反応させ Cbz 基と Bn 基の脱保護を試みたところ、ホスファチジルエタノールア
ミン 13d を 90％で得ることができた（Table 8, Entry 4）。 最後にジアシルグリセロ
リン脂質誘導体12dのAlloc基とAllyl 基をPd0触媒と２級アミンを用いて脱保護を行
い、ホスファチジルエタノールアミン 13d を収率 88%で得ることができた（Table 8, 
Entry 5）。 



























Entry 12 Reagents Conditions Yield a (%)
1 4N HCl in dioxane (20 eq.) CH2Cl2, r.t., 3 h 80
4
H2, Pd(OH)2 / C (10 wt%)
then 5% CF3CO2H
in CH2Cl2
AcOEt, r.t. 1day 90





12b3 CF3COOH / CH2Cl2 = 1 / 1 89r.t., 3 h





















































































のホスファチジルコリン 16 を収率 83%で合成に成功した。 
  
以上のようにリン酸ジアルキルトリフルオロエチル 3a, 3i, 3j を用いることでホスフ
ァチジルエタノールアミンとホスファチジルコリンの新たな合成法の開発に成功した。




































iPrOH / CH2Cl2 / H2O














































































































Allyl 保護を行い、保護体 17 を合成した。その後、O-Ally 保護体 17 に対してギ酸を作
用させ、選択的に DMTr 保護を脱保護させることでヌクレオシド 18 を収率 78%で合
成した。また、O-Ally 保護体 17 に対してトリエチルアミン３フッ化水素塩を用いる
TBS基の脱保護を行うことでヌクレオシド 19 を収率 84%で合成した。 
続いてヌクレオシド 18 とリン酸トリス（トリフルオロエチル）1 のエステル交換反






























THF, 0 ℃, 6 h
HCO2H / Et2O 
= 1 / 1, r.t., 6 h
3HF・Et3N (10 eq.)
Et3N (15 eq.)





















Scheme 6. Synthesis of protected nucleoside 18 and 19.
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シド 19 は完全に溶解した状態で反応は進行し、収率 83%で目的物を得られることも分














DBU (1.0 eq), MS4A (100 wt%)




















































entry Yield a (%)
1 b
2 b
Toluene, -45 ℃, 5 h 





Toluene / THF = 3 / 1
 -45 ℃, 5 h →  0 ℃, 1.5 h
3 c TBD (1.0 eq.) Toluene, -45 ℃, 10 h 83
a Isolated yield. b 19 (1.1 eq.), 20 (1.0 eq.) and tBuOLi (1.0 mol/L of hexane
solution) were stirred. c 19 (1.0 eq.), 20 (1.2 eq.), MS 4A (100 wt%) and
TBD were stirred.










レオチド誘導体 21 に作用させた（Table 10, Entry 1）。反応の結果、出発原料の消失
は確認できたが、副生成物との分離が困難であった。そこで、副生成物を抑制するため
に低温条件で反応を行った（Table 10, Entry 2）。その結果、Entry 1 で確認された副
生成物を抑制でき、目的物 22 を収率 82%で合成することができた。また、アリルアル
コキシリチウムの当量を 1.5 当量で行ったところ、収率の向上に成功した（Table 10, 
Entry 3）。 





































Allyl alcohol (eq.) Temp., Time
(3.0 eq.)
(3.0 eq.)
0 ℃, 1 h
-45 ℃, 1 h










































O 3HF・Et3N (10 eq.)
Et3N (15 eq.)
THF, 40℃, 10 h
23
86%




（Scheme 7, continued） 
 
まず、ジヌクレオチド誘導体 22 に対してトリエチルアミン３フッ化水素塩を用いて
TBSの脱保護を行い、脱保護体 23 を収率 86%で合成した。続いてギ酸を用いてDMTr
基を脱保護し、最後に Pd0触媒とジエチルアミン炭酸水素塩を用いて Allyl 基の脱保護
























































































General. All reactions were performed under a nitrogen atmosphere with magnetic stirring. 
Column chromatography on silica gel was performed with Fuji Silysia BW-127ZH. Preparative 
TLC was performed on Wakogel B-5F/TLC-cards (20 2́0 0́.7 cm). Materials were purchased from 
commercial suppliers (Aldrich, TCI, Kanto) and used without further purification. Organic 
solvents were purified and dried by standard procedures. 
NMR spectra were recorded on a Bruker spectrometer Avance III HD 500 at 500 MHz (1H NMR), 
126 MHz (13C NMR), 202 MHz (31P NMR), and 470 MHz (19F NMR). In CDCl3, 
tetramethylsilane (0.00 ppm) was used as an internal standard in 1H NMR, whereas the middle 
line of the solvent signal (77.0 ppm) was used in 13C NMR. 85% H3PO4 (0.0 ppm) was used as 
external standard in 31P NMR. Hexafluorobenzene (0.0 ppm) was used as internal standard in 19F 
NMR. In CF3CO2D, a singlet peak of the solvent (11.5 ppm) was used as an internal standard in 
1H NMR, whereas the middle of the solvent signal (164.2 and 116.6 ppm) was used in 13C NMR. 
ESI-MS was recorded on JEOL AccuTOF JMS-T100 LC mass spectrometer. Infrared spectra 
were obtained on an Agilent Technologies Cary 630 FTIR spectrometer. 
 
第１章 第２節 
Table 1, Entry 1 
 
To a solution of tris(2,2,2-trifluoroethyl) phosphate 1 (826 mg, 2.40 mmol) and 2-phenylethan-1- 
ol (244 mg, 2.00 mmol) in toluene (15 mL) was added DBU (1,8-diazabicyclo[5.4.0]undec-7-
ene) (304 mg, 2.00 mmol) at 0°C under N2. After stirred for 3 h at room temperature, the reaction 
was quenched by addition of phosphate buffer (pH 7) at 0 °C. The mixture was diluted with ethyl 
acetate, washed with water and brine, dried over Na2SO4, and concentrated in vacuo. The residue 
was purified by column chromatography on silica (hexane / AcOEt = 3 / 1) to give a phosphate 
triester 2a as a colorless oil (688 mg, 95%). 


















1H NMR (500 MHz, CDCl3) δ 7.35-7.31 (m, 2H), 7.28-7.21 (m, 3H), 4.36 (dt, Jt = 7.1 Hz, Jd = 
7.2 Hz, 2H), 4.28-4.15 (m, 4H), 3.03 (t, J = 6.8 Hz, 2H). 
13C NMR (126 MHz, CDCl3) δ 136.3, 129.0, 128.7, 122.2 (dq, Jd = 9.9 Hz, Jq = 277.5 Hz), 69.6 
(d, J = 6.3 Hz), 63.7 (dq, Jd = 4.4 Hz, Jq = 38.1 Hz), 36.4 (d, J = 7.3 Hz). 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -2.17. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.34 (t, J = 7.8 Hz). 
IR (ATR) 1663, 1605, 1455, 1422, 1268, 1165, 1074, 1054, 1015, 961 cm-1. 
MS (ESI) m/z 389 (M+Na)+. 
HRMS (ESI) calcd for C12H13F6Na1O4P1 (M+Na)+ 389.0353, found 389.0363. 
Colorless oil 
 
Table 1, Entry 2 
 
To a solution of tris(2,2,2-trifluoroethyl) phosphate 1 (9.0 g, 26 mmol) and tert-butyl (2- 
hydroxyethyl)carbamate (3.5 g, 22 mmol) in toluene (220 mL) was added DBU (3.3 g, 22 mmol) 
at 0°C under N2. After stirred for 5 h at room temperature, the reaction was quenched by addition 
of phosphate buffer (pH 7) at 0 °C. The mixture was diluted with ethyl acetate, washed with water 
and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / AcOEt = 3 / 2) to give a phosphate triester 2b as a colorless 
oil (8.5 g, 95%). 
tert-Butyl (2-((bis(2,2,2-trifluoroethoxy)phosphoryl)oxy)ethyl)carbamate (2b) 
1H NMR (500 MHz, CDCl3) δ 4.91 (br, 1H), 4.45-4.35 (m, 4H), 4.20 (dt, Jt = 5.0 Hz, Jd = 7.9 Hz, 
2H), 3.48-3.41 (m, 2H), 1.45 (s, 9H). 
13C NMR (126 MHz, CDCl3) δ 155.7, 122.2 (dq, Jd = 9.3 Hz, Jq = 277.2 Hz), 79.9, 68.6, 64.0 (dq, 
Jd = 4.5 Hz, Jq = 38.2 Hz), 40.6, 28.3. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -1.56. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.39 (t, J = 7.8 Hz). 
IR (ATR) 3340, 2980, 1699, 1522, 1269, 1164, 1075, 1036, 962, 892, 840, 781 cm-1.  
MS (ESI) m/z 428 (M+Na)+. 






















Table 1, Entry 3 
 
To a solution of tris(2,2,2-trifluoroethyl) phosphate 1 (4.1 g, 12 mmol) and Benzy (2- 
hydroxyethyl)carbamate (2.0 g, 10 mmol) in toluene (100 mL) was added DBU (1.5 g, 10 mmol) 
at 0°C under N2. After stirred for 5 h at room temperature, the reaction was quenched by addition 
of phosphate buffer (pH 7) at 0 °C. The mixture was diluted with ethyl acetate, washed with water 
and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / AcOEt = 3 / 2) to give a phosphate triester 2c as a colorless 
oil (4.1 g, 93%). 
Benzyl (2-((bis(2,2,2-trifluoroethoxy)phosphoryl)oxy)ethyl)carbamate (2c) 
1H NMR (500 MHz, CDCl3) δ 7.39-7.30 (m, 5H), 5.21 (br, 1H), 5.11 (s, 2H), 4.37 (dq, Jd = 8.1 
Hz, Jq = 8.1 Hz, 4H), 4.21 (dt, Jt = 4.9 Hz, Jd = 8.0 Hz, 2H), 3.51 (dt, Jt = 5.0 Hz, Jd = 4.9 Hz, 
2H). 
13C NMR (126 MHz, CDCl3) δ 156.29, 136.18, 128.54, 128.25, 128.14, 122.20 (dq, Jd = 9.4 Hz, 
Jq = 277.5 Hz), 68.31 (d, J = 6.0 Hz), 67.00, 64.00 (dq, Jd = 4.5 Hz, Jq = 38.3 Hz), 41.06 (d, J = 
6.4 Hz). 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -1.54. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.39 (t, J = 7.8 Hz). 
IR (ATR) 3329, 1703, 1531, 1455, 1423, 1265, 1165, 1074, 1045, 961 cm-1. 
MS (ESI) m/z 462 (M+Na)+. 
HRMS (ESI) calcd for C14H16F6N1Na1O6P1 (M+Na)+ 462.05171, found 462.05248. 
Colorless oil 
 







































To a solution of tris(2,2,2-trifluoroethyl) phosphate 1 (4.3 g, 12 mmol) and Allyl (2- 
hydroxyethyl)carbamate (1.5 g, 10 mmol) in toluene (100 mL) was added DBU (1.6 g, 10 mmol) 
at 0°C under N2. After stirred for 5 h at room temperature, the reaction was quenched by addition 
of phosphate buffer (pH 7) at 0 °C. The mixture was diluted with ethyl acetate, washed with water 
and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / AcOEt = 3 / 2) to give a phosphate triester 2d as a colorless 
oil (3.5 g, 85%). 
Allyl (2-((bis(2,2,2-trifluoroethoxy)phosphoryl)oxy)ethyl)carbamate (2d) 
1H NMR (500 MHz, CDCl3) δ 5.92 (ddt, Jd = 11.0, 16.8 Hz, Jt = 5.6 Hz, 1H), 5.31 (ddt, Jd = 1.5, 
17.2 Hz, Jt = 1.5 Hz, 1H), 5.23 (dd, J = 0.9, 10.4 Hz, 1H), 5.22 (br, 1H), 4.58 (d, J = 5.4 Hz, 2H), 
4.45-4.35 (m, 4H), 4.22(dt, Jd = 8.2 Hz, Jt = 4.9 Hz, 2H), 3.51 (dt, Jt = 5.1 Hz, Jd = 5.0 Hz, 2H). 
13C NMR (126 MHz, CDCl3) δ 156.19, 132.55, 122.22 (dq, Jd = 9.4 Hz, Jq = 277.8 Hz), 117.92, 
68.34 (d, J = 6.2 Hz), 65.83, 64.03 (dq, Jd = 4.4 Hz, Jq = 38.3 Hz), 41.02 (d, J = 6.3 Hz). 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -1.51. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.38 (t, J = 7.8 Hz). 
IR (ATR) 3332, 1708, 1534, 1458, 1424, 1266, 1165, 1074, 1045, 962 cm-1. 
MS (ESI) m/z 412 (M+Na)+. 
HRMS (ESI) calcd for C10H14F6N1Na1O6P1 (M+Na)+ 412.03606, found 412.03644.  
Colorless oil.  
 
Table 1, Entry 5 
 
To a solution of tris(2,2,2-trifluoroethyl) phosphate 1 (2.0 g, 5.8 mmol) and (2,2-dimethyl-1,3- 
dioxolan-4-yl) methanol (660 mg, 5.00 mmol) in toluene (50 mL) was added DBU (760 mg, 4.99 
mmol) at 0°C under N2. After stirred for 8 h at room temperature, the reaction was quenched by 
addition of phosphate buffer (pH 7) at 0 °C. The mixture was diluted with ethyl acetate, washed 
with water and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by 
column chromatography on silica (hexane / AcOEt = 2 / 1) to give a phosphate triester 2e as a 






















 (2,2-Dimethyl-1,3-dioxolan-4-yl)methyl bis(2,2,2-trifluoroethyl) phosphate (2e) 
1H NMR (500 MHz, CDCl3) δ 4.46-4.37 (m, 4H), 4.37-4.32 (m, 1H), 4.18-4.07 (m, 3H), 3.81 (dd, 
J = 8.8, 5.4 Hz, 1H), 1.44 (s, 3H), 1.36 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 122.25 (dq, Jd = 9.9 Hz, Jq = 277.5 Hz), 122.23 (dq, Jd = 9.6 Hz, 
Jq = 277.5 Hz), 110.2, 73.7 (d, J = 7.4 Hz), 68.9 (d, J = 6.1 Hz), 65.6, 64.99 (dq, Jd = 3.9 Hz, Jq = 
38.5 Hz), 63.96 (dq, Jd = 3.9 Hz, Jq = 38.3 Hz), 26.6, 25.1. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -1.75. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.44 (t, J = 7.8 Hz), 86.43 
(t, J = 7.8 Hz). 
IR (ATR) 2989, 1458, 1423, 1374, 1269, 1164, 1023, 962, 885, 839 cm-1. 
MS (ESI) m/z 399 (M+Na)+. 
HRMS (ESI) calcd for C10H15F6Na1O6P1 (M+Na)+ 399.0408, found 399.0410.  
Colorless oil 
 
Table 1, Entry 6 
 
To a solution of tris(2,2,2-trifluoroethyl) phosphate 1 (413 mg, 1.20 mmol) and ethyl 6- 
hydroxyhexanoate (160 mg, 1.00 mmol) in toluene (10 mL) was added DBU (152 mg, 0.99 mmol) 
at 0°C under N2. After stirred for 6 h at room temperature, the reaction was quenched by addition 
of phosphate buffer (pH 7) at 0 °C. The mixture was diluted with ethyl acetate, washed with water 
and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / AcOEt = 2 / 1) to give a phosphate triester 2f as a colorless 
oil (369 mg, 91%). 
Ethyl 6-((bis(2,2,2-trifluoroethoxy)phosphoryl)oxy)hexanoate (2f) 
1H NMR (500 MHz, CDCl3) δ 4.44-4.37 (m, 4H), 4.16 (dt, Jt = 6.9 Hz, Jd = 6.8 Hz, 2H), 4.13 (q, 
J = 7.2 Hz, 2H), 2.32 (t, J = 7.4 Hz, 2H), 1.78-1.71 (m, 2H), 1.70-1.63 (m, 2H), 1.47-1.40 (m, 
2H), 1.26 (t, J = 7.2 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 173.3, 122.3 (dq, Jd = 9.9 Hz, Jq = 277.5 Hz), 69.3 (d, J = 6.3 Hz), 

























31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -1.68. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.42 (t, J = 7.8 Hz). 
IR (ATR) 2943, 1730, 1456, 1422, 1375, 1268, 1163, 1075, 1029, 962, 886, 841 cm-1. 
MS (ESI) m/z 427 (M+Na)+. 
HRMS (ESI) calcd for C12H19F6Na1O6P1 (M+Na)+ 427.0721, found 427.0728. 
Colorless oil 
 
Table 1, Entry 7 
 
To a solution of tris(2,2,2-trifluoroethyl) phosphate 1 (413 mg, 1.20 mmol) and 10- 
hydroxydecan-5-one (172 mg, 1.00 mmol) in toluene (10 mL) was added DBU (1,8- 
diazabicyclo[5.4.0]undec-7-ene) (152 mg, 0.99 mmol) at 0°C under N2. After stirred for 8 h at 
room temperature, the reaction was quenched by addition of phosphate buffer (pH 7) at 0 °C. The 
mixture was diluted with ethyl acetate, washed with water and brine, dried over Na2SO4, and 
concentrated in vacuo. The residue was purified by column chromatography on silica (hexane / 
AcOEt = 2 / 1) to give a phosphate triester 2g as a colorless oil (416 mg, quant.). 
7,7-Dimethyl-6-oxooctyl bis(2,2,2-trifluoroethyl) phosphate (2g) 
1H NMR (500 MHz, CDCl3) δ 4.46-4.33 (m, 4H), 4.15 (dt, Jt = 6.6 Hz, Jd = 7.3 Hz, 4H), 2.42 (t, 
J = 7.2 Hz, 2H), 2.39 (t, J = 7.4 Hz, 2H), 1.76-1.69 (m, 2H), 1.64-1.51 (m, 4H), 1.42-1.35 (m, 
2H), 1.35- 1.27 (m, 2H),0.91 (t, J = 7.4 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 210.9, 122.3 (dq, Jd = 9.5 Hz, Jq = 277.6 Hz), 69.3 (d, J = 6.2 Hz), 
63.8 (dq, Jd = 4.4 Hz, Jq = 38.2 Hz), 42.6, 42.2, 29.8 (d, J = 7.3 Hz), 25.9, 24.8, 23.0, 22.3, 13.8. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -1.68. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.40 (t, J = 7.8 Hz). 
IR (ATR) 2938, 2971, 1711, 1457, 1421, 1375, 1269, 1165, 1075, 1030, 962, 887, 841 cm-1. 
MS (ESI) m/z 439 (M+Na)+. 



























Table 1, Entry 10 
 
To a toluene solution (6.5 mL) of 1-phenylpropan-2-ol (129 mg, 0.95 mmol) was added 1.0 mL 
of a 1.0 M hexane solution of lithium tert-butoxide (1.0 mmol) at 0°C. After stirred for 1 h at 0°C, 
a toluene solution (3 mL) of tris(2,2,2-trifluoroethyl) phosphate 1 (392 mg, 1.14 mmol) was added 
to the mixture at –45°C. After being stirred for 5 h, the reaction was quenched by addition of a 
toluene solution (1 mL) of acetic acid (60 mg, 1.0 mmol) at –45°C, followed by addition of 
phosphate buffer (pH 7). The mixture was diluted with ethyl acetate, washed with water and brine, 
dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / AcOEt = 1 / 1) to give a phosphate triester 2i as a colorless 
oil (347 mg, 91%). 
1-Phenylpropan-2-yl bis(2,2,2-trifluoroethyl) phosphate (2i) 
1H NMR (500 MHz, CDCl3) δ 7.34-7.30 (m, 2H), 7.27-7.20 (m, 3H), 4.83-4.74 (m, 1H), 4.25-
4.16 (m, 1H), 4.07-3.91 (m, 3H), 2.95 (dd, J = 14.0, 7.9 Hz, 1H), 2.90 (ddd, J = 14.0, 5.4, 2.7 Hz, 
1H), 1.43 (d, J = 6.2 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 136.7, 129.5, 128.6, 127.0, 122.3 (dq, Jd = 10.4 Hz, Jq = 277.5 
Hz), 122.2 (dq, Jd = 10.7 Hz, Jq = 277.5 Hz), 79.2 (d, J = 6.3 Hz), 63.5 (dq, Jd = 4.4 Hz, Jq = 38.2 
Hz), 63.3 (dq, Jd = 4.4 Hz, Jq = 38.1 Hz), 43.6 (d, J = 7.2 Hz), 21.3 (d, J = 2.1 Hz), 25.9, 24.8, 
23.0, 22.3, 13.8. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -3.19. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.39-86.32 (m). 
IR (ATR) 1497, 1454, 1422, 1386, 1267, 1164, 1073, 1007, 961, 887, 840 cm-1. 
MS (ESI) m/z 403 (M+Na)+. 
























Table 1, Entry 12 
 
To a toluene solution (15 mL) of propan-2-ol (120 mg, 2.00 mmol) was added 2.1 mL of a 1.0 M 
hexane solution of lithium tert-butoxide (2.1 mmol) at 0°C. After stirred for 1 h at 0°C, a toluene 
solution (5 mL) of tris(2,2,2-trifluoroethyl) phosphate 1 (826 mg, 2.40 mmol) was added to the 
mixture at –45°C. After being stirred for 3 h, the reaction was quenched by addition of a toluene 
solution (1 mL) of acetic acid (120 mg, 2.0 mmol) at –45°C, followed by addition of phosphate 
buffer (pH 7). The mixture was diluted with ethyl acetate, washed with water and brine, dried 
over Na2SO4, and concentrated in vacuo. The residue was purified by column chromatography on 
silica (hexane / AcOEt = 3 / 1) to give a phosphate triester 2j as a colorless oil (550 mg, 90%). 
Isopropyl bis(2,2,2-trifluoroethyl) phosphate (2j)[21] 
1H NMR (500 MHz, CDCl3) δ 4.76 (dsep, Jd = 6.3 Hz, Jsep = 6.3 Hz, 1H), 4.41-4.31 (m, 4H), 1.39 
(dd, J = 6.3, 0.8 Hz, 6H). 
13C NMR (126 MHz, CDCl3) δ 122.4 (dq, Jd = 10.2 Hz, Jq = 277.4 Hz), 75.5 (d, J = 6.2 Hz), 63.7 
(dq, Jd =4.4Hz, Jq =38.1Hz),23.3(d, J=5.2Hz). 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -2.81. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.41 (t, J = 7.8 Hz). 
IR (ATR) 1457, 1422, 1392, 1266, 1164, 1075, 1011, 962, 886, 841 cm-1. 
MS (ESI) m/z 327 (M+Na)+ 
HRMS (ESI) calcd for C7H11F6Na1O4P1 (M+Na)+ 327.0197, found 327.0189. 
Colorless oil. 
 
Table 1, Entry 13 
 
To a toluene solution (5 mL) of cyclohexanol (94 mg, 0.94 mmol) was added 1.0 mL of a 1.0 M 
hexane solution of lithium tert-butoxide (1.0 mmol) at 0°C. After stirred for 1 h at 0°C, a toluene 




































mixture at –45°C. After being stirred for 3 h, the reaction was quenched by addition of a toluene 
solution (1 mL) of acetic acid (60 mg, 1.0 mmol) at –45°C, followed by addition of phosphate 
buffer (pH 7). The mixture was diluted with ethyl acetate, washed with water and brine, dried 
over Na2SO4, and concentrated in vacuo. The residue was purified by column chromatography on 
silica (hexane / AcOEt = 2 / 1) to give a phosphate triester 2k as a colorless oil (300 mg, 93%). 
Cyclohexyl bis(2,2,2-trifluoroethyl) phosphate (2k) 
1H NMR (500 MHz, CDCl3) δ 4.52-4.45 (m, 1H), 4.41-4.32 (m, 4H), 1.99-1.93 (m, 2H), 1.80-
1.73 (m, 2H), 1.63-1.49 (m, 3H), 1.40-1.23 (m, 3H). 
13C NMR (126 MHz, CDCl3) δ 122.4 (dq, Jd = 10.1 Hz, Jq = 277.5 Hz), 80.1 (d, J = 6.2 Hz), 63.7 
(dq, Jd = 4.7 Hz, Jq = 38.2 Hz), 23.0 (d, J = 4.2 Hz), 24.8, 23.3. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -2.73. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.42 (t, J = 7.8 Hz). 
IR (ATR) 2943, 2864,1454, 1421, 1265, 1164, 1075, 1014, 962, 890, 842 cm-1. 
MS (ESI) m/z 367 (M+Na)+. 
HRMS (ESI) calcd for C10H15F6Na1O4P1 (M+Na)+ 367.0510, found 367.0501. 
Colorless oil. 
 
Table 1, Entry 14 
 
To a toluene solution (5 mL) of cholesterol (387 mg, 1.00 mmol) was added 1.0 mL of a 1.0 M 
hexane solution of lithium tert-butoxide (1.0 mmol) at 0°C. After stirred for 1 h at 0°C, a toluene 
solution (5 mL) of tris(2,2,2-trifluoroethyl) phosphate 1 (413 mg, 1.20 mmol) was added to the 
mixture at –45°C. After being stirred for 3 h, the reaction was quenched by addition of a toluene 
solution (1 mL) of acetic acid (60 mg, 1.0 mmol) at –45°C, followed by addition of phosphate 
buffer (pH 7). The mixture was diluted with ethyl acetate, washed with water and brine, dried 
over Na2SO4, and concentrated in vacuo. The residue was purified by column chromatography on 















Toluene, -45℃, 3 h
(1.0 eq.)
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5-Cholesten-3b-yl bis(2,2,2-trifluoroethyl) phosphate (2l) 
1H NMR (500 MHz, CDCl3) δ 5.42-5.39 (m, 1H), 4.41-4.25 (m, 5H), 2.51-2.41 (m, 2H), 2.04-
1.95 (m, 3H), 1.92-1.68 (m, 3H), 1.61-1.22 (m, 10H), 1.19-1.03 (m, 7H), 1.03-0.97 (m, 2H), 1.02 
(s, 3H), 0.96-0.89 (m, 1H), 0.91 (d, J = 6.5 Hz, 3H), 0.87 (d, J = 6.6 Hz, 3H), 0.86(d, J = 6.6 Hz, 
3H), 0.68 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 138.7, 123.7, 122.4 (dq, Jd = 10.2 Hz, Jq = 277.5 Hz), 80.9 (d, J = 
6.2 Hz), 63.8 (dq, Jd = 4.4 Hz, Jq = 38.1 Hz), 56.6, 56.1, 49.9, 42.3, 39.7, 39.6 (d, J = 5.2 Hz), 
39.5, 36.8, 36.3, 36.2, 35.8, 31.9, 31.8, 29.3 (d, J = 4.2 Hz), 28.2, 28.0, 24.3, 23.8, 22.8, 22.5, 
21.0, 19.2, 18.7, 11.8. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -2.81. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.45-86.39 (m). 
IR (ATR) 2933, 2865, 1465, 1439, 1381, 1303, 1274, 1165, 1067, 1043, 961, 879, 838 cm-1. 
MS (ESI) m/z 653 (M+Na)+. 
HRMS (ESI) calcd for C31H49F6Na1O4P1 (M+Na)+ 653.3170, found 653.3162. 
White solid. 
 
Table 2, Entry 6 
 
To a toluene solution (27 mL) of a phosphate triester 2b (1.1 g, 2.7 mmol) was added 3.0 mL of 
a 1.0 M hexane solution of lithium tert-butoxide (3.0 mmol) at 0°C. After stirred for 30 min., at 
which point TLC (AcOEt / Hexane = 1 / 1) indicated complete consumption of 2b, the reaction 
mixture was quenched by addition of phosphate buffer (pH 7) at 0°C. The mixture was diluted 
with ethyl acetate, washed with water and brine, dried over Na2SO4, and concentrated in vacuo. 
The crude product 3a (921 mg, 93 %) was used for the next transesterification without further 
purification. 
tert-butyl (2-((tert-butoxy(2,2,2-trifluoroethoxy)phosphoryl)oxy)ethyl)carbamate (3a) 
1H NMR (500 MHz, CDCl3) δ 4.99 (br, 1H), 4.32 (dq, Jd = 8.0 Hz, Jq = 8.0 Hz, 2H), 4.09 (dt, Jd 

















13C NMR (126 MHz, CDCl3) δ 155.7, 122.6 (dq, Jd = 10.6 Hz, Jq = 277.6 Hz), 85.3 (d, J = 7.3 
Hz), 79.6, 67.2 (d, J = 5.9 Hz), 63.2 (dq, Jd = 4.5 Hz, Jq = 37.6 Hz,), 40.7 (d, J = 6.2 Hz), 29.7 (d, 
J = 4.2 Hz), 28.3. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -5.64. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.59 (t, J =8.0 Hz). 
IR (ATR) 3348, 2984, 1707, 1688, 1535, 1516, 1268, 1247, 1157, 966, 960 cm-1. 
MS (ESI) m/z 402 (M+Na)+. 
HRMS (ESI) calcd for C13H25F3N1Na1O6P1 (M+Na)+ 402.1269, found 402.1287.  
White solid. 
 
Table 3, Entry 1 
 
To a toluene solution (35 mL) of 2-phenylethan-1-ol (487 mg, 3.99 mmol) was added 4.0 mL of 
a 1.0 M hexane solution of lithium tert-butoxide (4.0 mmol) at 0°C. After stirred for 1 h at 0°C, 
a toluene solution (5 mL) of a phosphate triester 2b (1.94 g, 4.79 mmol) was added to the mixture 
at – 45°C. After being stirred for 4 h at –45°C, the reaction was quenched by addition of a toluene 
solution (5 mL) of acetic acid (240 mg, 4.0 mmol) at –45°C, followed by addition of phosphate 
buffer (pH 7) at room temperature. The mixture was diluted with ethyl acetate, washed with water 
and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / AcOEt = 1 / 1) to give a phosphate triester 3b as a colorless 
oil (1.53 g, 94%). 
tert-Butyl (2-((phenethoxy(2,2,2-trifluoroethoxy)phosphoryl)oxy)ethyl)carbamate (3b) 
1H NMR (500 MHz, CDCl3) δ 7.34-7.30 (m, 2H), 7.28-7.21 (m, 3H), 4.87 (br, 1H), 4.31 (q, J = 
7.1 Hz, 2H), 4.27-4.12 (m, 2H), 4.02 (dt, Jd = 7.9 Hz, Jt = 5.0Hz, 2H), 3.35-3.33 (m, 2H), 3.01 (t, 
J = 6.9 Hz, 2H), 1.44(s, 9H). 
13C NMR (126 MHz, CDCl3) δ 155.7, 136.6, 129.0, 128.6, 126.9, 122.5 (dq, Jd = 9.6 Hz, Jq = 
277.4 Hz), 79.7, 68.9 (d, J = 6.1 Hz), 67.7 (d, J = 5.1 Hz), 63.5 (dq, Jd = 4.2 Hz, Jq = 37.8 Hz), 
40.7 (d, J = 5.9 Hz), 36.5 (d, J = 7.3 Hz), 28.3. 
















Toluene, -45℃, 3 h
(1.0 eq.)
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19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.41 (t, J =7.8 Hz). 
IR (ATR) 3329, 2976, 1707, 1513, 1455, 1392, 1366, 1269, 1166, 1105, 1014, 963, 891 cm-1. 
MS (ESI) m/z 450 (M+Na)+. 
HRMS (ESI) calcd for C17H25F3N1Na1O6P1 (M+Na)+ 450.1269, found 450.1261.  
Colorless oil 
 
Table 3, Entry 2 
 
To a toluene solution (20 mL) of ethanol (120 mg, 2.60 mmol) was added 2.6 mL of a 1.0 M 
hexane solution of lithium tert-butoxide (2.6 mmol) at 0°C. After stirred for 1 h at 0°C, a toluene 
solution (5 mL) of a phosphate triester 2b (1.00 g, 2.47 mmol) was added to the mixture at –45°C. 
After being stirred for 3 h at –45°C, the reaction was quenched by addition of a toluene solution 
(3 mL) of acetic acid (156 mg, 2.6 mmol) at –45°C, followed by addition of phosphate buffer (pH 
7) at room temperature. The mixture was diluted with ethyl acetate, washed with water and brine, 
dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / AcOEt = 1 / 1) to give a phosphate triester 3c as a colorless 
oil (797 mg, 92%). 
tert-Butyl (2-((ethoxy(2,2,2-trifluoroethoxy)phosphoryl)oxy)ethyl)carbamate (3c) 
1H NMR (500 MHz, CDCl3) δ 5.00 (br, 1H), 4.37 (dq, Jd = 8.1 Hz, Jq = 8.1 Hz, 2H), 4.23-4.11 
(m, 4H), 3.45-3.41 (m, 2H), 1.45(s, 9H), 1.37 (dt, Jd = 1.0 Hz, Jt = 7.1 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 155.7, 122.5 (dq, Jd = 9.6 Hz, Jq = 277.5 Hz), 79.7, 67.6 (d, J = 
6.1 Hz), 64.9 (d, J = 6.2 Hz), 63.6 (dq, Jd = 4.4 Hz, Jq = 37.8 Hz), 40.7 (d, J = 5.1 Hz), 28.3, 15.9 
(d, J = 6.3 Hz). 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -1.01. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.42 (t, J =7.8 Hz). 
IR (ATR) 3336, 2980, 1689, 1520, 1457, 1393, 1367, 1267, 1165, 1105, 1027, 963, 861 cm-1. 
MS (ESI) m/z 374 (M+Na)+. 





















Table 3, Entry 3 
 
To a toluene solution (5 mL) of 2-phenylethan-1-ol (122 mg, 1.00 mmol) was added 1.0 mL of a 
1.0 M hexane solution of lithium tert-butoxide (1.0 mmol) at 0°C. After stirred for 1 h at 0°C, a 
toluene solution (4 mL) of a phosphate triester 2j (273 mg, 0.90 mmol) was added to the mixture 
at – 45°C. After being stirred for 4 h at –45°C, the reaction was quenched by addition of a toluene 
solution (2 mL) of acetic acid (60 mg, 0.5 mmol) at –45°C, followed by addition of phosphate 
buffer (pH 7) at room temperature. The mixture was diluted with ethyl acetate, washed with water 
and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / AcOEt = 2 / 1) to give a phosphate triester 3d as a colorless 
oil (257 mg, 88%). 
Isopropyl phenethyl (2,2,2-trifluoroethyl) phosphate (3d) 
1H NMR (500 MHz, CDCl3) δ 7.33-7.29 (m, 2H), 7.26-7.21 (m, 3H), 4.62 (dsep, Jd = 6.3 Hz, Jsep 
= 6.3 Hz, 1H), 4.27 (q, J = 7.1Hz, 2H), 4.23-4.07 (m, 2H), 3.00 (t, J = 7.0 Hz, 2H), 1.31 (d, J = 
6.2 Hz, 3H), 1.30 (d, J = 6.2 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 136.8, 129.0, 128.5, 126.8, 122.6 (dq, Jd = 10.4 Hz, Jq = 277.5 
Hz), 73.9 (d, J = 6.2 Hz), 68.5 (d, J = 6.3 Hz), 63.2 (dq, Jd = 4.4 Hz, Jq = 37.8 Hz,), 36.6 (d, J = 
6.4 Hz), 23.4 (d, J = 5.2 Hz), 23.3 (d, J = 5.2 Hz). 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ-2.36. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.43 (t, J =7.8 Hz). 
IR (ATR) 1497, 1455, 1422, 1388, 1265, 1166, 1094, 1056, 999, 962, 897, 838 cm-1. 
MS (ESI) m/z 349 (M+Na)+. 






















Toluene, -45℃, 4 h
(1.1 eq.)
 41 
Table 3, Entry 4 
 
To a toluene solution (3 mL) of ethyl 6-hydroxyhexanoate (80 mg, 0.50 mmol) was added 0.5 mL 
of a 1.0 M hexane solution of lithium tert-butoxide (0.5 mmol) at 0°C. After stirred for 1 h at 0°C, 
a toluene solution (3 mL) of a phosphate triester 2b (182 mg, 0.45 mmol) was added to the mixture 
at –45°C. After being stirred for 3 h at –45°C, the reaction was quenched by addition of a toluene 
solution (1 mL) of acetic acid (30 mg, 0.5 mmol) at –45°C, followed by addition of phosphate 
buffer (pH 7) at room temperature. The mixture was diluted with ethyl acetate, washed with water 
and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / AcOEt = 3 / 2) to give a phosphate triester 3e as a colorless 
oil (192 mg, 92%). 
Ethyl 6-(((2-((tert-butoxycarbonyl)amino)ethoxy)(2,2,2-trifluoroethoxy)phosphoryl)oxy)he
xanoate (3e) 
1H NMR (500 MHz, CDCl3) δ 5.01 (br, 1H), 4.37 (dq, Jd =7.5 Hz, Jq =7.7 Hz, 2H), 4.13 (q, J 
=7.1 Hz, 2H), 4.16-4.05 (m, 2H), 3.45-3.39 (m, 2H), 2.31 (t, J =7.4 Hz, 2H), 1.76-1.63 (m, 4H), 
1.44(s, 9H), 1.46-1.39 (m, 2H), 1.26 (t, J = 7.1 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 173.4, 155.7, 122.5 (dq, Jd = 9.5 Hz, Jq = 277.8 Hz), 79.7, 68.5 
(d, J = 6.3 Hz), 67.6 (d, J = 6.3 Hz), 63.7 (dq, Jd = 4.4 Hz, Jq = 37.8 Hz), 60.3, 40.8 (d, J = 4.4 
Hz), 34.0, 29.8 (d, J = 6.5 Hz), 28.3, 24.9, 24.3, 14.2. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -0.89. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.48-86.43 (m). 
IR (ATR) 3390, 2979, 1717, 1521, 1457, 1368, 1274, 1175, 1030, 966, 863 cm-1. 
MS (ESI) m/z 488 (M+Na)+. 




























Toluene, -45℃, 3 h
 42 
Table 3, Entry 5 
 
To a toluene solution (3 mL) of ethyl 10-hydroxydecan-5-one (86 mg, 0.50 mmol) was added 0.5 
mL of a 1.0 M hexane solution of lithium tert-butoxide (0.5 mmol) at 0°C. After stirred for 1 h at 
0°C, a toluene solution (3 mL) of a phosphate triester 2b (182 mg, 0.45 mmol) was added to the 
mixture at –45°C. After being stirred for 3 h at –45°C, the reaction was quenched by addition of 
a toluene solution (1 mL) of acetic acid (30 mg, 0.5 mmol) at –45°C, followed by addition of 
phosphate buffer (pH 7) at room temperature. The mixture was diluted with ethyl acetate, washed 
with water and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by 
column chromatography on silica (hexane / AcOEt = 3 / 2) to give a phosphate triester 3f as a 
colorless oil (187 mg, 87%). 
tert-Butyl (2-((((6-oxodecyl)oxy)(2,2,2-trifluoroethoxy)phosphoryl)oxy)ethyl)carbamate (3
g) 
1H NMR (500 MHz, CDCl3) δ 5.02 (br, 1H), 4.37 (dq, Jd =8.1 Hz, Jq =8.1 Hz, 2H), 4.16-4.05 (m, 
4H), 3.45-3.39 (m, 2H), 2.42 (t, J =7.1 Hz, 2H), 2.39 (t, J =7.3 Hz, 2H), 1.75-1.67 (m, 2H), 1.64-
1.51 (m, 4H), 1.44(s, 9H), 1.41-1.27 (m, 4H), 0.91 (t, J = 7.3 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 211.0, 155.7, 122.5 (dq, Jd = 9.4 Hz, Jq = 277.8 Hz), 79.7, 68.6 
(d, J = 6.0 Hz), 67.6 (d, J = 5.0 Hz), 63.6 (dq, Jd = 4.3 Hz, Jq = 37.8 Hz), 42.6, 42.3, 40.7 (d, J = 
4.7 Hz), 29.9 (d, J = 7.2 Hz), 28.3, 25.9, 25.0, 23.1, 22.3, 13.8. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -0.90. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.48-86.43 (m). 
IR (ATR) 3385, 2963, 1712, 1525, 1457, 1367, 1275, 1172, 1037, 965, 864 cm-1. 
MS (ESI) m/z 500 (M+Na)+. 



























Toluene, -45℃, 4 h+
(1.1 eq.)
 43 
Table 3, Entry 6 
 
To a toluene solution (35 mL) of butan-2-ol (74 mg, 1.0 mmol) was added 1.0 mL of a 1.0 M 
hexane solution of lithium tert-butoxide (1.0 mmol) at 0°C. After stirred for 1 h at 0°C, a toluene 
solution (3 mL) of a phosphate triester 2b (338 mg, 0.83 mmol) was added to the mixture at –
45°C. After being stirred for 3 h at –45°C, the reaction was quenched by addition of a toluene 
solution (1 mL) of acetic acid (60 mg, 1.0 mmol) at –45°C, followed by addition of phosphate 
buffer (pH 7) at room temperature. The mixture was diluted with ethyl acetate, washed with water 
and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / AcOEt = 1 / 1) to give a phosphate triester 3g as a colorless 
oil (264 mg, 84%). 
tert-Butyl (2-((sec-butoxy(2,2,2-trifluoroethoxy)phosphoryl)oxy)ethyl)carbamate (a diast
ereomer mixture) (3g) 
1H NMR (500 MHz, CDCl3) δ 4.98 (br, 1H), 4.54-4.45 (m, 1H), 4.39-4.31 (m, 2H), 4.15-4.09 (m, 
2H), 3.45-3.40 (m, 2H), 1.75-1.58 (m, 2H), 1.44(s, 9H), 1.36 (d, J = 6.5 Hz, 3H, one diastereomer), 
1.35 (d, J = 6.5 Hz, 3H, the other diastereomer), 0.96 (t, J = 7.5 Hz, 3H, one diastereomer), 0.95 
(t, J = 7.5 Hz, 3H, the other diastereomer). 
13C NMR (126 MHz, CDCl3) δ 155.7, 122.5 (dq, Jd = 9.6 Hz, Jq = 277.4 Hz), 79.7, 79.1 (d, J = 
6.2Hz), 67.5, 63.5 (dq, Jd = 4.2 Hz, Jq = 37.8 Hz), 40.7 (d, J = 5.9 Hz), 30.2-30.1 (m), 28.3, 20.9 
(one diastereomer), 20.8 (the other diastereomer), 9.4 (d, J = 2.1 Hz, one diastereomer), 9.3 (d, J 
= 3.1 Hz, the other diastereomer). 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -1.66 (one diastereomer), -1.75 
(the other diastereomer). 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.48-86.42 (m). 
IR (ATR) 3326, 2977, 1706, 1522, 1457, 1391, 1366, 1267, 1165, 1101, 1002, 963, 866 cm-1. 
MS (ESI) m/z 402 (M+Na)+. 

















+ tBuOLi (1.2 eq.)
Toluene, -45℃, 4 h
(1.2 eq.)
 44 
Table 3, Entry 7 
 
To a toluene solution (7 mL) of propan-2-ol (60 mg, 1.00 mmol) was added 1.0 mL of a 1.0 M 
hexane solution of lithium tert-butoxide (1.0 mmol) at 0°C. After stirred for 1 h at 0°C, a toluene 
solution (5 mL) of a phosphate triester 2a (329 mg, 0.90 mmol) was added to the mixture at –
45°C. After being stirred for 4 h at –45°C, the reaction was quenched by addition of a toluene 
solution (1 mL) of acetic acid (60 mg, 1.0 mmol) at –45°C, followed by addition of phosphate 
buffer (pH 7) at room temperature. The mixture was diluted with ethyl acetate, washed with water 
and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / AcOEt = 2 / 1) to give a phosphate triester 3d as a colorless 
oil (275 mg, 94%). 
 
Table 3, Entry 8 
 
To a toluene solution (40 mL) of benzyl alcohol (517 mg, 4.8 mmol) was added 4.8 mL of a 1.0 
M hexane solution of lithium tert-butoxide (4.8 mmol) at 0°C. After stirred for 1 h at 0°C, a 
toluene solution (8 mL) of a phosphate triester 2c (2 g, 4.6 mmol) was added to the mixture at –
45°C. After being stirred for 3 h at –45°C, the reaction was quenched by addition of a toluene 
solution (1 mL) of acetic acid (288 mg, 4.8 mmol) at –45°C, followed by addition of phosphate 
buffer (pH 7) at room temperature. The mixture was diluted with ethyl acetate, washed with water 
and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / AcOEt = 1 / 1) to give a phosphate triester 3h as a colorless 
oil (1.8 g, 88%). 
Benzyl (2-(((benzyloxy)(2,2,2-trifluoroethoxy)phosphoryl)oxy)ethyl)carbamate (3h) 
1H NMR (500 MHz, CDCl3) δ 7.42-7.27 (m, 10H), 5.17 (br, 1H), 5.13-5.05 (m, 4H), 4.35-4.17 

































Toluene, -45℃, 3.5 h
(1.05 eq.)
 45 
13C NMR (126 MHz, CDCl3) δ 156.24, 136.26, 134.97 (d, J = 6.3 Hz), 129.01, 128.74, 128.50, 
128.18, 128.16, 128.09, 122.42 (dq, Jd = 9.4 Hz, Jq = 277.8 Hz), 70.25 (d, J = 6.3 Hz), 66.87, 
63.55 (dq, Jd = 4.4 Hz, Jq = 38.0 Hz,), 41.14 (d, J = 6.3 Hz). 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -0.90. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.46 (t, J = 7.8 Hz). 
IR (ATR) 3325, 1702, 1535, 1456, 1423, 1264, 1165, 1074, 1043 961 cm-1. 




Table 3, Entry 9 
 
To a toluene solution (10 mL) of Allyl alcohol (87 mg, 1.5 mmol) was added 1.5 mL of a 1.0 M 
hexane solution of lithium tert-butoxide (1.5 mmol) at 0°C. After stirred for 1 h at 0°C, a toluene 
solution (8 mL) of a phosphate triester 2d (556 mg, 1.4 mmol) was added to the mixture at –45°C. 
After being stirred for 5 h at –45°C, the reaction was quenched by addition of a toluene solution 
(1 mL) of acetic acid (90 mg, 1.5 mmol) at –45°C, followed by addition of phosphate buffer (pH 
7) at room temperature. The mixture was diluted with ethyl acetate, washed with water and brine, 
dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / AcOEt= 2 / 1) to give a phosphate triester 3i as a colorless oil 
(453 mg, 91%). 
Allyl (2-(((allyloxy)(2,2,2-trifluoroethoxy)phosphoryl)oxy)ethyl)carbamate (3i) 
1H NMR (500 MHz, CDCl3) δ 5.99-5.87 (m, 2H), 5.40 (dq, Jd = 17.1 Hz, Jq = 1.4 Hz, 2H), 5.34-
5.32 (m, 1H), 5.31-5.29 (m, 1H), 5.25 (br, 1H), 5.22 (dd, J = 1.0, 10.5 Hz, 1H), 4.61-4.56 (m, 
4H), 4.37 (ddq, Jd = 1.5, 8.1 Hz, Jq = 8.1Hz, 2H), 4.17 (dt, Jd = 8.1 Hz, Jt = 5.0Hz, 2H), 3.49 (dt, 
Jd = 5.1 Hz, Jt = 5.2Hz, 2H). 
13C NMR (126 MHz, CDCl3) δ 156.16, 132.63, 131.67 (d, J = 6.3 Hz), 122.47 (dq, Jd = 9.4 Hz, 
Jq = 277.8 Hz), 119.31, 117.82, 69.06 (d, J = 5.2 Hz), 67.52 (d, J = 6.2 Hz), 65.75, 63.67 (dq, Jd 
= 4.4 Hz, Jq = 37.8 Hz), 41.16 (d, J = 6.2 Hz). 





















19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.44 (t, J =7.8 Hz). 
IR (ATR) 3312, 1716, 1534, 1459, 1425, 1259, 1166, 1019, 989, 963 cm-1. 
MS (ESI) m/z 370 (M+Na)+. 
HRMS (ESI) calcd for C11H17F3N1Na1O6P1 (M+Na)+ 370.06433, found 370.06464. 
Colorless oil 
 
Table 4, Entry 1 
 
To a toluene solution (4 mL) of 2-phenylethan-1-ol (59 mg, 0.48 mmol) was added 1.1 mL of 1M 
hexane solution of lithium tert-butoxide (1.1 mmol). After stirred for 1 h, a toluene solution (2 
mL) of dialkyl 2,2,2-trifluoroethyl phosphate 3a (220 mg, 0.58 mmol) was added to the mixture 
at 0°C. After being stirred for 5 h, the reaction was quenched by addition of phosphate buffer (pH 
7). The mixture was diluted with ethyl acetate, washed with water and brine, dried over Na2SO4, 
and concentrated in vacuo. The residue was purified by column chromatography on silica (hexane 
/ AcOEt = 1 / 1) to give a phosphate triester 4a as a colorless oil (174 mg, 91%). 
tert-Butyl (2-((tert-butoxy(phenethoxy)phosphoryl)oxy)ethyl)carbamate (4a) 
1H NMR (500 MHz, CDCl3) δ 7.33-7.28 (m, 2H), 7.25-7.21 (m, 3H), 5.01 (br, 1H), 4.21 (dt, Jd = 
7.0 Hz, Jt = 7.0 Hz, 2H), 3.93 (dt, Jd = 7.8 Hz, Jt = 5.0 Hz, 2H), 3.35-3.30 (m, 2H), 2.99 (t, J = 7.0 
Hz, 2H), 1.46 (s, 9H), 1.43 (s, 9H). 
13C NMR (126 MHz, CDCl3) δ 155.8, 137.2, 129.0, 128.5, 126.7, 83.4 (d, J = 7.3 Hz), 79.4, 67.7 
(d, J = 6.2 Hz), 66.4 (d, J = 5.0 Hz), 40.9 (d, J = 5.3 Hz), 36.7 (d, J = 7.3 Hz), 29.7 (d, J = 4.6 
Hz), 28.3. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -4.89. 
IR (ATR) 3327, 2974, 1707, 1518, 1453, 1392, 1244, 1171, 1153, 1111, 1038, 997, 957, 896, 866 cm- 1. 
MS (ESI) m/z 424 (M+Na)+. 




















Table 4, Entry 2 
 
To a toluene solution (7 mL) of butan-2-ol (74 mg, 1.0 mmol) was added 2.2 mL of a 1.0 M 
hexane solution of lithium tert-butoxide (2.2 mmol). After stirred for 1 h, a toluene solution (3 
mL) of dialkyl 2,2,2-trifluoroethyl phosphate 3a (455 mg, 1.2 mmol) was added to the mixture at 
0°C. After being stirred for 5 h at 0°C., the reaction was quenched by addition of phosphate buffer 
(pH 7). The mixture was extracted with ethyl acetate. The mixture was diluted with ethyl acetate, 
washed with water and brine, dried over Na2SO4, and concentrated in vacuo. The residue was 
purified by column chromatography on silica (hexane / AcOEt = 1 / 1) to give a phosphate triester 
4b as a colorless oil (318 mg, 90%). 
tert-Butyl (2-((sec-butoxy(tert-butoxy)phosphoryl)oxy)ethyl)carbamate (a diastereomer 
mixture) (4b) 
1H NMR (500 MHz, CDCl3) δ 5.14 (br, 1H), 4.46-4.37 (m, 1H), 4.07-4.01 (m, 2H), 3.42-3.37 (m, 
2H), 1.73-1.54 (m, 2H), 1.50 (s, 9H), 1.44 (s, 9H), 1.32 (d, J = 6.2 Hz, 3H, one diastereomer), 
1.32 (d, J = 6.3 Hz, 3H, the other diastereomer), 0.95 (t, J = 7.5 Hz, 3H, one diastereomer), 0.94 
(t, J = 7.5 Hz, 3H, the other diastereomer). 
13C NMR (126 MHz, CDCl3) δ 155.8, 83.0 (d, J = 8.1 Hz, one diastereomer), 82.9 (d, J = 7.5 Hz, 
the other diastereomer), 79.3, 77.0 (one diastereomer), 76.9 (the other diastereomer), 66.3 (d, J = 
5.1 Hz), 41.0 (d, J = 6.1 Hz), 30.2 (d, J = 6.2 Hz, one diastereomer), 30.2 (d, J = 6.2 Hz, the other 
diastereomer), 29.8 (d, J = 4.2 Hz), 28.3, 20.9 (d, J = 3.1 Hz, one diastereomer), 20.8 (d, J = 3.1 
Hz, the other diastereomer), 9.5 (one diastereomer), 9.4 (the other diastereomer). 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -5.20 (one diastereomer), -5.22 
(the other diastereomer). 
IR (ATR) 3305, 2976, 2934, 1710, 1522, 1457, 1350, 1171, 1070, 988, 865 cm-1. 
MS (ESI) m/z 376 (M+Na)+. 






















Table 4, Entry 3 
 
To a solution of LDA, prepared from diisopropylamine (0.3 mL, 2.2 mmol) and nBuLi (1.57 M 
in hexane, 1.4 mL, 2.2 mmol) in toluene (3 mL) at –78°C for 1 h, was added 2-methyl-1-
phenylpropan- 2-ol (150 mg, 1.0 mmol) at 0°C. After stirred for 1 h at 0°C, a toluene solution (3 
mL) of dialkyl 2,2,2-trifluoroethyl phosphate 3a (455 mg, 1.2 mmol) was added to the mixture at 
0°C. After being stirred for 5 h at 0°C., the reaction was quenched by addition of phosphate buffer 
(pH 7). The mixture was diluted with ethyl acetate, washed with water and brine, dried over 
Na2SO4, and concentrated in vacuo. The residue was purified by column chromatography on silica 
(hexane / ethyl acetate = 1 / 1) to give a phosphate triester 4c as a colorless oil (300 mg, 70%). 
tert-Butyl (2-((tert-butoxy((2-methyl-1-phenylpropan-2-yl)oxy)phosphoryl)oxy)ethyl)carb
amate (4c) 
1H NMR (500 MHz, CDCl3) δ 7.31-7.26 (m, 2H), 7.26-7.21 (m, 3H), 5.05 (br, 1H), 3.96-3.85 (m, 
2H), 3.35-3.27 (m, 2H), 3.01 (dd, J = 13.4, 0.9 Hz, 1H), 2.97 (dd, J = 13.4, 0.5 Hz, 1H), 1.48 (s, 
6H), 1.48 (d, J = 0.6 Hz, 9H), 1.43 (s, 9H). 
13C NMR (126 MHz, CDCl3) δ 155.8, 136.9, 130.7, 127.9, 126.6, 84.2 (d, J = 7.3 Hz,), 82.7 (d, J 
= 7.3 Hz), 79.3, 66.2 (d, J = 6.2 Hz), 49.1 (d, J = 7.3 Hz), 40.9 (d, J = 6.3 Hz), 29.8 (d, J = 3.4 
Hz), 28.4, 27.3 (d, J = 3.1 Hz), 27.2 (d, J = 3.1 Hz). 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -9.22. 
IR (ATR) 3310, 2978, 1707, 1508, 1454, 1389, 1367, 1250, 1171, 1067, 987, 864 cm-1. 
MS (ESI) m/z 452 (M+Na)+. 





















Toluene, 0℃, 5 h
(1.0 eq.)
 49 
Table 4, Entry 4 
 
To a toluene solution (3 mL) of (2,2-dimethyl-1,3-dioxolan-4-yl)methanol (60 mg, 0.45 mmol) 
was added 0.45 mL of a 1.0 M hexane solution of lithium tert-butoxide (0.45 mmol) at 0°C. After 
stirred for 1 h at 0°C, a toluene solution (2 mL) of dialkyl 2,2,2-trifluoroethyl phosphate 3b (234 
mg, 0.55 mmol) was added to the mixture at 0°C. After being stirred for 5 h at room temperature, 
the reaction was quenched by addition of phosphate buffer (pH 7). The mixture was diluted with 
ethyl acetate, washed with water and brine, dried over Na2SO4, and concentrated in vacuo. The 
residue was purified by column chromatography on silica (hexane / ethyl acetate = 1 / 2) to give 
a phosphate triester 4d as a colorless oil (185 mg, 89%). 
tert-Butyl (2-((((2,2-dimethyl-1,3-dioxolan-4- yl)methoxy)(phenethoxy)phosphoryl)oxy)et
hyl)carbamate (a diastereomer mixture) (4d) 
1H NMR (500 MHz, CDCl3) δ 7.33-7.29 (m, 2H), 7.26-7.21 (m, 3H), 5.04 (br, 1H), 4.31-4.22 (m, 
3H), 4.05-3.88 (m, 5H), 3.76 (ddd, J = 8.7, 5.5, 3.2 Hz, 1H), 3.37-3.31 (m, 2H), 3.00 (t, J = 6.9 
Hz, 2H), 1.44 (s, 9H), 1.42 (s, 3H, one diastereomer), 1.41 (s, 3H, the other diastereomer), 1.35 
(s, 3H).  
13C NMR (126 MHz, CDCl3) δ 155.7, 136.9, 129.0, 128.5, 126.8, 109.91 (one diastereomer), 
109.89 (the other diastereomer), 79.5, 74.0 (d, J = 2.1 Hz, one diastereomer), 73.9 (the other 
diastereomer), 68.3 (d, J = 6.2 Hz, one diastereomer), 68.3 (d, J = 6.3 Hz, the other diastereomer), 
67.6 (d, J = 5.8 Hz, one diastereomer), 67.5 (d, J = 6.2 Hz, the other diastereomer), 67.1 (d, J = 
5.2 Hz), 65.9, 40.8 (d, J = 5.4 Hz), 36.65 (one diastereomer), 36.59 (the other diastereomer), 28.3, 
26.7, 25.2. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -0.55. 
IR (ATR) 3328, 2978, 1708, 1518, 1454, 1366, 1251, 1158, 1010, 896, 836 cm-1. 
MS (ESI) m/z 399 (M+Na)+. 


























Table 4, Entry 5 
 
To a toluene solution (5 mL) of butan-2-ol (78 mg, 1.05 mmol) was added 1.1 mL of a 1.0 M 
hexane solution of lithium tert-butoxide (1.1 mmol) at 0°C. After stirred for 1 h at 0°C, a toluene 
solution (4 mL) of dialkyl 2,2,2-trifluoroethyl phosphate 3b (376 mg, 0.88 mmol) was added to 
the mixture at 0°C. After being stirred for 3 h at 0°C, the reaction was quenched by addition of 
phosphate buffer (pH 7). The mixture was diluted with ethyl acetate, washed with water and brine, 
dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / ethyl acetate = 1 / 1) to give a phosphate triester 4e as a 
diastereomixture (325 mg, 92%, colorless oil). 
tert-Butyl (2-(((2-methylbutoxy)(phenethoxy)phosphoryl)oxy)ethyl)carbamate (a diaster
eomer mixture) (4e) 
1H NMR (500 MHz, CDCl3) δ 7.33-7.28 (m, 2H), 7.26-7.21 (m, 3H), 4.99 (br, 1H), 4.43-4.34 (m, 
1H), 4.27-4.21 (m, 2H), 3.99-3.93 (m, 2H), 3.36-3.31 (m, 2H), 3.00 (t, J = 7.0 Hz, 2H), 1.70-1.50 
(m, 2H), 1.43 (s, 9H), 1.29 (d, J = 6.3 Hz, 3H, one diastereomer), 1.26 (d, J = 6.2 Hz, 3H, the 
other diastereomer), 0.92 (t, J = 7.4 Hz, 3H, one diastereomer), 0.91 (d, J = 7.4 Hz, 3H, the other 
diastereomer). 
13C NMR (126 MHz, CDCl3) δ 155.7, 137.1, 129.0, 128.5, 126.7, 79.5, 77.7 (d, J = 6.2 Hz), 67.9 
(d, J = 6.1 Hz, one diastereomer), 67.9 (d, J = 6.3 Hz, the other diastereomer), 66.6 (d, J = 4.1 
Hz), 40.7, 36.7 (one diastereomer), 36.7 (the other diastereomer), 30.2 (one diastereomer), 30.2 
(d, J = 2.1 Hz, the other diastereomer), 28.3, 20.9 (d, J = 3.6 Hz), 20.9 (d, J = 3.2 Hz), 9.4; 31P 
NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -1.11 (one diastereomer), -1.14 (the 
other diastereomer). 
IR (ATR) 3308, 2973, 1708, 1517, 1455, 1365, 1251, 1171, 996, 864 cm-1. 
MS (ESI) m/z 424 (M+Na)+. 


















Toluene, 0℃, 3 h+
(1.1 eq,)
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Table 4, Entry 6 
 
To a toluene solution (2.5 mL) of dialkyl 2,2,2-trifluoroethyl phosphate 3d (107 mg, 0.25 mmol) 
was added 0.5 mL of a 1.0 M hexane solution of lithium tert-butoxide (0.5 mmol) at 0°C. After 
being stirred for 1 h at 0°C, the reaction was quenched by addition of phosphate buffer (pH 7). 
The mixture was extracted with ethyl acetate. The mixture was diluted with ethyl acetate, washed 
with water and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by 
column chromatography on silica (hexane / AcOEt = 1 / 1) to give a phosphate triester 4a as a 
colorless oil (81 mg, 81%). 
 
Table 4, Entry 7 
 
To a toluene solution (2 mL) of ethyl 6-hydroxyhexanoate (70 mg, 0.44 mmol) was added 0.45 
mL of a 1.0 M hexane solution of lithium tert-butoxide (0.45 mmol) at –45°C. After stirred for 1 
h at –45°C, a toluene solution (2.5 mL) of dialkyl 2,2,2-trifluoroethyl phosphate 3b (150 mg, 0.36 
mmol) was added to the mixture at –45°C. After being stirred for 1 h at room temperature, the 
reaction was quenched by addition of a toluene solution (1 mL) of acetic acid (30mg, 0.5 mmol), 
followed by addition of phosphate buffer (pH 7). The mixture was diluted with ethyl acetate, 
washed with water and brine, dried over Na2SO4, and concentrated in vacuo. The residue was 
purified by column chromatography on silica (hexane / AcOEt = 1 / 1) to give a phosphate triester 
4f as a colorless oil (123 mg, 70%). 
Ethyl 6-(((2-((tert-butoxycarbonyl)amino)ethoxy)(phenethoxy)phosphoryl)oxy)hexanoate 
(4f) 
1H NMR (500 MHz, CDCl3) δ7.33-7.28 (m, 2H), 7.26-7.21 (m, 3H), 4.98 (br, 1H), 4.25 (dq, Jd = 
7.0 Hz, Jq = 7.0 Hz, 2H), 4.12 (q, J = 7.1 Hz, 2H), 3.99-3.90 (m, 4H), 3.36-3.31 (m, 2H), 2.99 (t, 
J = 6.9 Hz, 2H), 2.29 (t, J = 7.5 Hz, 2H), 1.68-1.59 (m, 4H), 1.44 (s, 9H), 1.41-1.34 (m, 2H), 1.25 





































13C NMR (126 MHz, CDCl3) δ 173.5, 155.8, 137.1, 129.0, 128.5, 126.8, 79.5, 68.2 (d, J = 6.3 
Hz), 67.6 (d, J = 5.4 Hz), 66.8 (d, J = 6.1 Hz), 60.3, 40.9 (d, J = 4.1 Hz), 36.7 (d, J = 7.3 Hz), 
34.1, 29.9 (d, J = 6.3 Hz), 28.4, 25.0, 24.4, 14.2. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -0.36. 
IR (ATR) 3435, 2978, 1716, 1522, 1456, 1367, 1270, 1175, 1030, 800 cm-1. 
MS (ESI) m/z 510 (M+Na)+ 
HRMS (ESI) calcd for C23H38N1Na1O8P1 (M+Na)+ 510.2233, found 510.2246. 
Colorless oil. 
 
Table 4, Entry 8 
 
To a toluene solution (2 mL) of ethyl 6-hydroxyhexanoate (86 mg, 0.50 mmol) was added 0.5 mL 
of a 1.0 M hexane solution of lithium tert-butoxide (0.50 mmol) at room temperature. After stirred 
for 1 h at room temperature, a toluene solution (2 mL) of dialkyl 2,2,2-trifluoroethyl phosphate 
3b (256 mg, 0.60 mmol) was added to the mixture at 0°C. After being stirred for 8 h at room 
temperature, the reaction was quenched by addition of phosphate buffer (pH 7). The mixture was 
extracted with ethyl acetate. The mixture was diluted with ethyl acetate, washed with water and 
brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / ethyl acetate = 1 / 1) to give a phosphate triester 4g as a 
colorless oil (200 mg, 80%). 
Tert-Butyl (2-((((6-oxodecyl)oxy)(phenethoxy)phosphoryl)oxy)ethyl)carbamate (4g) 
1H NMR (500 MHz, CDCl3) δ7.33-7.28 (m, 2H), 7.26-7.21 (m, 3H), 4.99 (br, 1H), 4.25 (dq, Jd = 
7.0 Hz, Jq = 7.0 Hz, 2H), 3.99-3.91 (m, 4H), 3.36-3.31 (m, 2H), 2.99 (t, J = 6.9 Hz, 2H), 2.40 (t, 
J = 7.0 Hz, 2H), 2.38 (t, J = 7.2 Hz, 2H), 1.67-1.51 (m, 6H), 1.44 (s, 9H), 1.36-1.25 (m, 4H), 0.90 
(t, J = 7.4 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 211.0, 155.7, 137.1, 129.0, 128.5, 126.7, 79.5, 68.1 (d, J = 6.2 
Hz), 67.7 (d, J = 5.3 Hz), 66.8 (d, J = 5.3 Hz), 42.6, 42.4, 40.9 (d, J = 5.1 Hz), 36.7, 36.7, 30.0 (d, 
J = 7.3 Hz), 28.3, 25.9, 25.0, 23.2, 13.8. 
























IR (ATR) 3422, 2960, 1717, 1521, 1456, 1366, 1273, 1173, 1022 cm-1. 
MS (ESI) m/z 522 (M+Na)+. 
HRMS (ESI) calcd for C25H42N1Na1O7P1 (M+Na)+ 522.2597, found 522.2601. 
Colorless oil. 
 
Table 4, Entry 9 
 
To a toluene solution (5 mL) of propan-2-ol (62 mg, 1.04 mmol) was added 1.0 mL of a 1.0 M 
hexane solution of lithium tert-butoxide (1.0 mmol) at 0°C. After stirred for 1 h at 0°C, a toluene 
solution (4 mL) of dialkyl 2,2,2-trifluoroethyl phosphate 3g (316 mg, 0.83 mmol) was added to 
the mixture at 0°C. After being stirred for 1 h at room temperature, the reaction was quenched by 
addition of phosphate buffer (pH 7). The mixture was diluted with ethyl acetate, washed with 
water and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by 
column chromatography on silica (hexane / AcOEt = 1 / 1) to give a phosphate triester 4h as a 
diastereomixture (226 mg, 94%, colorless oil). 
Tert-Butyl (2-((sec-butoxy(isopropoxy)phosphoryl)oxy)ethyl)carbamate (a diastereomer 
mixture) (4h) 
1H NMR (500 MHz, CDCl3) δ5.10 (br, 1H), 4.71-4.60 (m, 1H), 4.48-4.40 (m, 1H),4.09-4.03 (m, 
2H), 3.43-3.38 (m, 2H), 1.74-1.55 (m, 2H), 1.44 (s, 9H), 1.34 (d, J = 6.3 Hz, 6H), 1.33 (d, J = 6.6 
Hz, 3H), 0.95 (t, J = 7.5 Hz, 3H, one diastereomer), 0.95 (d, J = 7.5 Hz, 3H, the other 
diastereomer). 
13C NMR (126 MHz, CDCl3) δ 155.8, 79.4, 77.4 (d, J = 5.2 Hz, one diastereomer), 77.4 (d, J = 
5.2 Hz, the other diastereomer), 72.6 (d, J = 5.2 Hz), 66.5 (d, J = 6.2 Hz), 41.0 (d, J = 6.2 Hz), 
30.3 (d, J = 6.2 Hz), 28.3, 23.6 (d, J = 5.2 Hz), 20.98 (d, J = 3.1 Hz, one diastereomer), 20.98 (d, 
J = 3.1 Hz, one diastereomer), 20.9 (d, J = 4.1 Hz), 9.43 (one diastereomer), 9.41 (the other 
diastereomer). 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -1.66 (one diastereomer), -1.68 
(the other diastereomer). 

















Toluene, r.t., 1 h
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MS (ESI) m/z 362 (M+Na)+. 




Table 5, Entry 1 
 
To a toluene solution (1.3 mL) of 2,3-bis((tert-butyldimethylsilyl)oxy)propan-1-ol 6 (144 mg, 
0.45 mmol) added a 1M hexane solution lithium of tert-butoxide (1 mL, 1.0 mmol) at 0°C. After 
stirred for 1 h at 0°C, the reaction mixture was kept at 0°C and a toluene solution (1.0 mL) of 
dialkyl 2,2,2- trifluoroethyl phosphate 3a (205 mg, 0.54 mmol) was added to the mixture. After 
being stirred for 10 h, the reaction was quenched by addition of phosphate buffer (pH 7). The 
mixture was extracted with ethyl acetate. The mixture was diluted with ethyl acetate, washed with 
water and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by 
column chromatography on silica (hexane / ethyl acetate = 3 / 2) to give a phosphate triester 10a 
as a diastereomixture (227 mg, 84%, colorless oil). 
tert-Butyl (2-(((2,3-bis((tert-butyldimethylsilyl)oxy)propoxy)(tert- butoxy)phosphoryl)oxy)
ethyl)carbamate (10a) 
1H NMR (500 MHz, CDCl3) δ 5.12 (br, 1H), 4.10-4.02 (m, 3H), 3.93-3.83 (m, 2H), 3.44-3.37 (m, 
2H), 3.57 (d, J = 3.6 Hz, one diastereomer, 2H), 3.56 (d, J = 3.6 Hz, the other diastereomer, 2H), 
3.43-3.35 (m, 2H), 1.50 (d, J = 1.4 Hz, 9H), 1.44 (s, 9H), 0.88 (s, 18H), 0.10 (s, 3H, one 
diastereomer), 0.09 (s, 3H, the other diastereomer), 0.08 (s, 3H, one diastereomer), 0.08 (s, 3H, 
the other diastereomer), 0.05 (s, 6H). 
13C NMR (126 MHz, CDCl3) δ 155.8, 83.31 (d, J = 7.0 Hz, the other diastereomer), 83.26 (d, J = 
6.8 Hz, one diastereomer), 79.4, 72.0 (d, J = 9.1 Hz), 68.4 (d, J = 6.0 Hz), 66.5, 64.15 (the other 
diastereomer), 64.11 (one diastereomer), 41.0 (d, J = 5.0 Hz), 29.8 (d, J = 4.1 Hz), 28.4, 25.9 (the 
other diastereomer), 25.8 (one diastereomer), 18.3 (the other diastereomer), 18.1 (one 
























31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -4.65. 
IR (ATR) 3317, 2953, 2929, 2857, 1714, 1688, 1521, 1472, 1362, 1251, 1000, 834, 776 cm-1  
MS (ESI) m/z 622 (M+Na)+. 
HRMS (ESI) calcd for C26H58N1Na1O8P1Si2 (M+Na)+ 622.3336, found 622.3343. 
Colorless oil. 
 
Table 5, Entry 2 
 
To a toluene solution (16 mL) of 2,3-bis(benzyloxy)propan-1-ol 7 (943 mg, 3.5 mmol) added 7.6 
ml of a 1M hexane solution lithium of tert-butoxide (2.5 mmol) at 0°C. After stirred for 1 h at 
0°C, the reaction mixture was kept at 0°C and a toluene solution (5 mL) of dialkyl 2,2,2- 
trifluoroethyl phosphate 3a (1.6 g, 4.2 mmol) was added to the mixture. After stirred for 9 h at 
0°C, the reaction was quenched by addition of phosphate buffer (pH 7). The mixture was diluted 
with ethyl acetate, washed with water and brine, dried over Na2SO4, and concentrated in vacuo.  
The residue was purified by column chromatography on silica (hexane / AcOEt = 3 / 2 + 1% 
Et3N) to give 10b as a diastereomer mixture (1.45 g, 76 %, colorless oil).  
tert-Butyl (2-(((2,3-bis(benzyloxy)propoxy)(tert-butoxy)phosphoryl)oxy)ethyl)carbamate 
(10b) 
1H NMR (500 MHz, CDCl3) δ 7.37-7.25 (m, 10H), 5.11 (br, 1H), 4.68 (s, 2H, one diastereomer), 
4.67 (s, 2H, the other diastereomer), 4.54 (s, 2H), 4.23-4.15 (m, 1H), 4.12-4.06 (m, 1H), 4.03-
3.96 (m, 2H), 3.81 (dq, 2H, Jd = 9.7 Hz, Jq = 4.9 Hz), 3.61 (d, J = 2.1 Hz, 2H, the other 
diastereomer), 3.60 (d, J = 2.0 Hz, 2H, one diastereomer), 3.36-3.27 (m, 2H), 1.48 (s, 9H, the 
other diastereomer), 1.48 (s, 9H, one diastereomer), 1.43 (s, 9H). 
13C NMR (126 MHz, CDCl3) δ 155.81, 138.13 (the other diastereomer), 138.07 (one 
diastereomer), 137.98, 128.41, 128.38, 127.84, 127.78, 127.76, 127.71. 127.67, 127.65, 132.75 
(one diastereomer), 132.37 (the other diastereomer), 83.64 (d, J = 7.3 Hz, the other diastereomer), 
83.55 (d, J = 6.3 Hz, one diastereomer), 79.40, 76.60 (d, J = 6.3 Hz, one diastereomer), 76.54 (d, 
























carbons of each diastereomer), 40.90 (d, J = 5.3 Hz, the other diastereomer), 40.89 (d, J = 4.2 Hz, 
one diastereomer), 29.79 (d, J = 4.2 Hz), 28.39. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -4.69 (one diastereomer), -4.76 
(the other diastereomer). 
IR (ATR) 2920, 2852, 1707, 1514, 1455, 1366, 1254, 1170, 1098, 997 cm-1 
(ESI) m/z 574 (M+Na)+. 
HRMS (ESI) calcd for C28H42N1Na1O8P1 (M+Na)+ 574.25457, found 574.25413. 
Colorless oil. 
 
Table 5, Entry 3 
 
To a toluene solution (7 mL) of 2,3-bis(allyloxy)propan-1-ol 8 (258 mg, 1.5 mmol) added a 1M 
hexane solution lithium of tert-butoxide (2.5 mL, 2.5 mmol) at 0°C. After stirred for 1 h at 0°C, 
the reaction mixture was kept at 0°C and a toluene solution (3 mL) of dialkyl 2,2,2- trifluoroethyl 
phosphate 3a (379 mg, 1.0 mmol) was added to the mixture at 0°C. After being stirred for 8 h at 
0°C, the reaction was quenched by addition of phosphate buffer (pH 7). The mixture was diluted 
with ethyl acetate, washed with water and brine, dried over Na2SO4, and concentrated in vacuo. 
The residue was purified by column chromatography on silica (hexane / ethyl acetate = 3 / 2) to 
give a phosphate triester 10c as a diastereomixture (306 mg, 68%, colorless oil). 
tert-Butyl (2-(((2,3-bis(allyloxy)propoxy)(tert-butoxy)phosphoryl)oxy)ethyl)carbamate 
(10c) 
1H NMR (500 MHz, CDCl3) δ 5.95-5.84 (m, 2H), 5.31-5.24 (m, 2H), 5.20-5.16 (m, 3H), 4.18-
4.11 (m, 3H), 4.08-3.99 (m, 5H), 3.75-3.69 (m, 1H), 3.54 (d, J = 1.9 Hz, 2H, one diastereomer), 
3.53 (d, J = 1.9 Hz, 2H, the other diastereomer), 3.42-3.36 (m, 2H), 1.51 (s, 9H, one diastereomer), 
1.50 (s, 9H, the other diastereomer), 1.44 (s, 9H). 
13C NMR (126 MHz, CDCl3) δ 155.85, 134.74 (one diastereomer), 134.71 (the other 
diastereomer), 134.51, 117.30 (one diastereomer), 117.22 (the other diastereomer), 117.18 (one 
























83.56 (d, J = 7.4 Hz, one diastereomer), 79.42, 76.43 (d, J = 5.2 Hz, one diastereomer), 76.37 (d, 
J = 4.7 Hz, the other diastereomer), 72.41, 71.30, 69.00 (d, J = 5.2 Hz), 66.66 (d, J = 4.9 Hz), 
66.53 (d, J = 6.2 Hz, one diastereomer), 66.48 (d, J = 7.3 Hz), 40.97 (d, J = 5.2 Hz), 29.83 (one 
diastereomer), 29.79 (the other diastereomer), 28.40. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -4.71 (one diastereomer), -4.75 
(the other diastereomer). 
IR (ATR) 2978, 2919, 1710, 1519, 1457, 1393, 1252, 1171, 994 cm-1. 
(ESI) m/z 474 (M+Na)+. 
HRMS (ESI) calcd for C20H38N1Na1O8P1 (M+Na)+ 474.22327, found 474.22207. 
Colorless oil. 
 
Table 5, Entry 4 
 
To a toluene solution (10 mL) of 2,3-bis((tert-butyldimethylsilyl)oxy)propan-1-ol 6 (480 mg, 1.5 
mmol) added a 1M hexane solution lithium of tert-butoxide (1.5 mL, 1.5 mmol) at 0°C. After 
stirred for 1 h at 0°C, the reaction mixture was kept at 0°C and a toluene solution (5 mL) of dialkyl 
2,2,2- trifluoroethyl phosphate 3i (810 mg, 1.8 mmol) was added to the mixture at 0°C. After 
being stirred for 12 h at r.t., the reaction was quenched by addition of phosphate buffer (pH 7). 
The mixture was diluted with ethyl acetate, washed with water and brine, dried over Na2SO4, and 
concentrated in vacuo. The residue was purified by column chromatography on silica (hexane / 




1H NMR (500 MHz, CDCl3) δ 7.38-7.28 (m, 10H), 5.23 (br, 1H), 5.11-5.02 (m, 4H), 4.14-4.02 
(m, 3H), 3.96-3.90 (m, 1H), 3.85-3.80 (m, 1H), 3.56-3.49 (m, 2H), 3.45-3.37 (m, 2H), 0.87 (s, 
9H), 0.87 (s, 9H), 0.07 and 0.06 and 0.06 (three singlets, 6H, a diastereomer mixture), 0.03 and 
























13C NMR (126 MHz, CDCl3) δ 156.26, 136.40, 135.72 (d, J = 6.1 Hz), 128.64 (one diastereomer), 
128.62 (the other diastereomer), 128.48, 128.10, 128.07, 127.98, 127.95, 71.93 (d, J = 8.3 Hz), 
69.43 (d, J = 5.3 Hz, the other diastereomer), 69.42 (d, J = 5.2 Hz, one diastereomer), 69.07 (d, J 
= 6.3 Hz, the other diastereomer), 69.03 (d, J = 4.1 Hz, one diastereomer), 66.79, 64.00 (the other 
diastereomer), 63.98 (one diastereomer), 41.37 (d, J = 6.0 Hz), 25.85, 25.74, 18.26, 18.08, -4.72, 
-4.78, -5.44, -5.48. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ 0.00. 
IR (ATR) 3293, 2951, 2928, 2855, 1719, 1534, 1462, 1423, 1251, 1101, 1009, 883, 776. 
MS (ESI) m/z 690 (M+Na)+. 
HRMS (ESI) calcd for C32H54N1Na1O8P1Si2 (M+Na)+ 690.30233, found 690.30107. 
Colorless oil. 
 
Table 5, Entry 5 
 
To a toluene solution (7 mL) of 2,3-bis((triisopropylsilyl)oxy)propan-1-ol 9 (405 mg, 1.0 mmol) 
added a 1M hexane solution lithium of tert-butoxide (1.0 mL, 1.0 mmol) at 0°C. After stirred for 
1 h at 0°C, the reaction mixture was kept at 0°C and a toluene solution (3 mL) of dialkyl 2,2,2- 
trifluoroethyl phosphate 3i (536 mg, 1.2 mmol) was added to the mixture at 0°C. After being 
stirred for 15 h at r.t., the reaction was quenched by addition of phosphate buffer (pH 7). The 
mixture was diluted with ethyl acetate, washed with water and brine, dried over Na2SO4, and 
concentrated in vacuo. The residue was purified by column chromatography on silica (hexane / 




1H NMR (500 MHz, CDCl3) δ 7.38-7.28 (m, 10H), 5.24-5.17 (m, 1H), 5.11-5.01 (m, 4H), 4.25-
4.20 (m, 1H), 4.09-4.02 (m, 3H), 4.01-3.95 (m, 1H), 3.72 (ddd, J = 3.2, 4.6, 9.9 Hz, 1H), 3.63 (dd, 
J = 7.6, 9.8 Hz, 1H), 3.43-3.38 (m, 2H), 1.06-1.02 (m, 42H). 
























128.06, 127.93, 127.87, 72.04 (d, J = 8.3 Hz, one diastereomer), 72.01 (d, J = 8.3 Hz, the other 
diastereomer), 69.37(d, J = 5.0 Hz, the other diastereomer), 69.33(d, J = 4.7 Hz, one diastereomer), 
69.08(d, J = 6.3 Hz, one diastereomer), 69.02 (d, J = 6.3 Hz, the other diastereomer), 66.77 (the 
other diastereomer), 63.91 (one diastereomer), 41.38 (d, J = 6.0 Hz), 17.97, 17.92, 12.36, 11.84. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ 0.08. 
IR (ATR) 2942, 2865, 1723, 1458, 1256, 1011, 881, 773. 
MS (ESI) m/z 774 (M+Na)+. 
HRMS (ESI) calcd for C38H66N1Na1O8P1Si2 (M+Na)+ 774.39623, found 774.39378. 
Colorless oil 
 
Table 5, Entry 6 
 
To a toluene solution (10 mL) of 2,3-bis((tert-butyldimethylsilyl)oxy)propan-1-ol 6 (480 mg, 1.5 
mmol) added a 1M hexane solution lithium of tert-butoxide (1.5 mL, 1.5 mmol) at 0°C. After 
stirred for 1 h at 0°C, the reaction mixture was kept at 0°C and a toluene solution (5 mL) of dialkyl 
2,2,2- trifluoroethyl phosphate 3j (624 mg, 1.8 mmol) was added to the mixture at 0°C. After 
being stirred for 12 h at r.t., the reaction was quenched by addition of phosphate buffer (pH 7). 
The mixture was diluted with ethyl acetate, washed with water and brine, dried over Na2SO4, and 
concentrated in vacuo. The residue was purified by column chromatography on silica (hexane / 




1H NMR (500 MHz, CDCl3) δ 5.98-5.87 (m, 2H), 5.37 (dq, Jd = 17.1 Hz, Jq = 1.4 Hz, 1H), 5.33 
(br, 1H), 5.30 (dq, Jd = 17.2 Hz, Jq = 1.5 Hz, 1H), 5.26 (dq, Jd = 10.3 Hz, Jq = 1.2 Hz, 1H), 5.21 
(dd, J = 1.1, 10.4 Hz, 1H), 4.58-4.53 (m, 4H), 4.16-4.10 (m, 3H), 3.99-3.93 (m, 1H), 3.89-3.83 

























13C NMR (126 MHz, CDCl3) δ 156.16, 132.74, 132.34 (d, J = 6.9 Hz), 118.44, 117.66, 71.92 (d, 
J = 8.0 Hz), 69.05 (d, J = 6.0 Hz, one diastereomer), 69.03 (d, J = 5.9 Hz, the other diastereomer), 
69.27 (d, J = 5.1 Hz), 66.79, 65.64, 63.97 (one diastereomer), 63.92 (the other diastereomer), 
41.35 (d, J = 5.7 Hz), 25.84, 25.72, 18.25, 18.07, -4.73, -4.80, -5.46, -5.50;. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -0.02. 
IR (ATR) 3312, 2951, 2929, 2889, 2856, 1724, 1534, 1463, 1361, 1251, 1101, 1018, 986, 833, 
775. 
MS (ESI) m/z 590 (M+Na)+. 
HRMS (ESI) calcd for C24H50N1Na1O8P1Si2 (M+Na)+ 590.27103, found 590.27039.  
Colorless oil 
 
Table 5, Entry 7 
 
To a toluene solution (7 mL) of 2,3-bis((triisopropylsilyl)oxy)propan-1-ol 9 (405 mg, 1.0 mmol) 
added a 1M hexane solution lithium of tert-butoxide (1.0 mL, 1.0 mmol) at 0°C. After stirred for 
1 h at 0°C, the reaction mixture was kept at 0°C and a toluene solution (3 mL) of dialkyl 2,2,2- 
trifluoroethyl phosphate 3j (416 mg, 1.2 mmol) was added to the mixture at 0°C. After being 
stirred for 15 h at r.t., the reaction was quenched by addition of phosphate buffer (pH 7). The 
mixture was diluted with ethyl acetate, washed with water and brine, dried over Na2SO4, and 
concentrated in vacuo. The residue was purified by column chromatography on silica (hexane / 




1H NMR (500 MHz, CDCl3) δ 5.97-5.87 (m, 2H), 5.38-5.19 (m, 5H), 4.59-4.52 (m, 4H), 4.24 
(ddd, J = 3.8, 5.9, 9.9 Hz, 1H), 4.17-4.04 (m, 3H), 4.02-3.97 (m, 1H), 3.74 (dd, J = 4.5, 9.8 Hz, 
1H), 3.65 (ddd, J = 3.1, 7.6, 9.9 Hz, 1H), 3.49-3.44 (m, 2H), 1.08-1.03 (m, 42H). 
13C NMR (126 MHz, CDCl3) δ 156.17, 132.75, 132.37 (d, J = 6.9 Hz), 118.35 (d, J = 3.5 Hz), 
























69.07 (d, J = 6.3 Hz, one diastereomer), 69.02 (d, J = 6.3 Hz, the other diastereomer), 68.26 (d, J 
= 5.2 Hz, one diastereomer), 68.24 (d, J = 5.2 Hz, the other diastereomer), 66.76 (d, J = 5.8 Hz), 
65.65, 63.90 (one diastereomer), 63.86 (the other diastereomer), 41.38 (d, J = 6.9 Hz), 17.97, 
17.92, 12.37, 11.85.  
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ 0.10. 
IR (ATR) 2942, 2866, 1725, 1461, 1256, 1013, 987, 881. 
MS (ESI) m/z 674 (M+Na)+ 
HRMS (ESI) calcd for C30H62N1Na1O8P1Si2 (M+Na)+ 674.36493, found 674.36362. 
 
Table 6, Entry 1 
 
To a THF solution (3.5 mL) of trialkyl phosphate 10a (416 mg, 0.69 mmol) and triethylamine 
(0.50 mL, 3.5 mmol) was added triethylamine trihydrofluoride (3HF•Et3N) (0.60 mL, 3.5 mmol) 
at 0°C. After being stirred for 12 h at room temperature, the reaction mixture was quenched by 
addition of saturated sodium bicarbonate. The mixture was extracted with CHCl3. The combined 
extracts were washed with brine, dried over Na2SO4, and concentrated in vacuo. The residue was 
purified by column chromatography on silica (CHCl3 / MeOH = 9 / 1+1% of Et3N) to give 11a as 
a diastereomer mixture (236 mg, 92 %, colorless oil).  
tert-Butyl (2-((tert-butoxy(2,3-dihydroxypropoxy)phosphoryl)oxy)ethyl)carbamate (11a) 
1H NMR (500 MHz, CDCl3) δ 5.42 (br, 1H, one diastereomer), 5.40 (br, 1H, the other 
diastereomer), 4.09-4.06 (m, 4H), 3.94-3.89 (m, 1H), 3.71-3.63 (m, 2H), 3.40 (d, J = 4.7 Hz, 2H), 
1.50 (s, 9H), 1.44 (s, 9H). 
13C NMR (126 MHz, CDCl3) δ 155.92, 84.21 (d, J = 7.4 Hz, one diastereomer), 84.16 (d, J = 5.2 
Hz, the other diastereomer), 79.52, 70.60 (d, J = 5.2 Hz, one diastereomer), 70.56 (d, J = 4.8 Hz, 
the other diastereomer), 68.19 (d, J = 6.4 Hz), 66.67, 62.75 (one diastereomer), 62.72 (the other 
diastereomer), 45.83, 40.73 (d, J = 6.3 Hz), 29.71 (one diastereomer), 29.68 (the other 
diastereomer). 




















IR (ATR) 3347, 2979, 1691, 1521, 1456, 1393, 1367, 1249, 1168, 1120, 1000, 918, 728. 
MS (ESI) m/z 394 (M+Na)+. 
HRMS (ESI) calcd for C14H30N1Na1O8P1 (M+Na)+ 394.16067, found 394.16146. 
Colorless oil 
 
Table 6, Entry 2 
 
To a solution of trialkyl phosphate 10b (519mg, 0.94 mmol) in EtOH was added palladium 
hydroxide (52 mg). After stirred for 3 h at room temperature under H2, the reaction mixture was 
filtered on Celite and rinsed with CHCl3. The filtrate was concentrated in vacuo. The residue was 
purified by column chromatography on silica (CHCl3 / MeOH = 9 / 1 + 1% of Et3N) to give 11a 
as a diastereomer mixture (288 mg, 83 %, colorless oil). 
 
Table 6, Entry 8 
 
To a MeCN (10 ml) and H2O (1 ml) solution of trialkyl phosphate 10d (667 mg, 1.0 mmol) was 
added sodium hydrogen sulfate (2.8 g, 20 mmol) at 0°C. After stirred for 6 h at 0°C, the reaction 
mixture was quenched by addition of buffer (pH 7). The mixture was extracted with CHCl3. The 
combined extracts were dried over Na2SO4 and concentrated in vacuo. The residue was purified 
by column chromatography (AcOEt / MeOH = 15 / 1) to give diol 11b as a colorless oil (386 mg, 
88 %). 
Benzyl (2-(((benzyloxy)(2,3-dihydroxypropoxy)phosphoryl)oxy)ethyl)carbamate (11b) 
1H NMR (500 MHz, CDCl3) δ 7.36-7.29 (m, 10H), 5.58 (br, 1H, one diastereomer), 5.57 (br, 1H, 
the other diastereomer), 5.07-5.04 (m, 4H), 4.08-3.98 (m, 4H), 3.83 (br, 1H), 3.71-3.69 (m, 1H), 





































13C NMR (126 MHz, CDCl3) δ 156.46, 136.30, 135.37, 135.32, 128.82, 128.67, 128.49, 128.15, 
70.53 (d, J = 6.3 Hz, one diastereomer), 70.47 (d, J = 5.2 Hz, the other diastereomer), 69.82 (d, J 
= 5.6 Hz), 68.82 (d, J = 6.0 Hz, one diastereomer), 68.72 (d, J = 6.0 Hz, the other diastereomer), 
67.05, 67.01, 99.97, 66.82, 62.59, 41.18 (d, J = 6.2 Hz). 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ 0.46 (one diastereomer), 0.39 (the 
other diastereomer). 
IR (ATR) 3319, 2950, 1698, 1534, 1455, 1379, 1241, 1151, 1117, 1007, 887, 737 cm-1. 
MS (ESI) m/z 462 (M+Na)+. 
HRMS (ESI) calcd for C20H26N1Na1O8P1 (M+Na)+ 462.12937, found 462.13070. 
Colorless oil 
 
Table 6, Entry 9 
 
To a MeCN (4 ml) and H2O (0.4 ml) solution of trialkyl phosphate 10f (225 mg, 0.4 mmol) was 
added sodium hydrogen sulfate (1.1 g, 8 mmol) at 0°C. After stirred for 8 h at 0°C, the reaction 
mixture was quenched by addition of buffer (pH 7). The mixture was extracted with CHCl3. The 
combined extracts were dried over Na2SO4 and concentrated in vacuo. The residue was purified 
by column chromatography (AcOEt / MeOH = 15 / 1) to give diol 11c as a colorless oil (100 
mg, 75 %). 
Allyl (2-(((allyloxy)(2,3-dihydroxypropoxy)phosphoryl)oxy)ethyl)carbamate (11c) 
1H NMR (500 MHz, CDCl3) δ 5.98-5.88 (m, 2H), 5.68 (br, 1H, one diastereomer), 5.67 (br, 1H, 
the other diastereomer), 5.40 (q, J = 1.4 Hz, 1H, one diastereomer), 5.37 (q, J = 1.4 Hz, 1H, the 
other diastereomer), 5.33 (q, J = 1.5 Hz, 1H, one diastereomer), 5.29 (q, J = 1.6 Hz, 1H, the other 
diastereomer), 5.30 (d, J = 1.1 Hz, one diastereomer), 5.28 (d, J = 1.1 Hz, the other diastereomer), 
5.23 (br, one diastereomer), 5.21 (br, the other diastereomer), 4.58-4.55 (m, 4H), 3.92 (quin, J = 
5.1 Hz), 3.86-3.81 (m, 1H), 3.72-3.62 (m, 2H), 3.48 (q, J = 5.2 Hz, 2H), 3.25 (t, J = 5.5 Hz, 1H, 
one diastereomer), 3.19 (t, J = 5.5 Hz, 1H, the other diastereomer). 
13C NMR (126 MHz, CDCl3) δ 156.40, 132.69, 132.04 (d, J = 6.8 Hz), 118.90, 117.82 (d, J = 1.8 




















J = 6.0 Hz, one diastereomer), 68.67 (d, J = 5.6 Hz, the other diastereomer), 68.76, 67.07 (d, J  
= 5.9 Hz, one diastereomer), 67.03 (d, J = 4.7 Hz, the other diastereomer), 65.72, 62.66, 41.20 (d, 
J = 6.2 Hz). 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ 0.48 (one diastereomer), 0.41 (the 
other diastereomer). 
IR (ATR) 3310, 3081, 2984, 1697, 1534, 1458, 1425, 1240, 1157, 1118, 1010, 930, 885, 776 
cm-1. 
MS (ESI) m/z 362 (M+Na)+. 
HRMS (ESI) calcd for C12H22N1Na1O8P1 (M+Na)+ 362.09807, found 362.09810. 
Colorless oil 
 
Table 7, Entry 1 
 
To a solution of CH2Cl2 solution of diol 11a (235 mg, 0.63 mmol), stearic acid (454 mg, 1.6 
mmol) and DMAP (77 mg, 0.63 mmol) was added EDC・HCl (363 mg, 1.9 mmol) at room 
temperature. After stirred for 12 h at room temperature under N2, the reaction mixture was diluted 
with ethyl acetate and then washed with water. The organic layer was dried over Na2SO4 and 
concentrated in vacuo. The residue was purified by column chromatography (ethyl acetate / 
hexane = 2 / 3) to give the target product 12a as a white wax (430 mg, 0.48 mmol). 
3-((Tert-butoxy(2-((tert-butoxycarbonyl)amino)ethoxy)phosphoryl)oxy)propane-1,2-diyl 
distearate (12a) 
1H NMR (500 MHz, CDCl3) δ 5.26-5.21 (m, 1H), 5.13 (br, 1H), 4.34 (ddd, J = 11.9, 4.2, 1.3 Hz, 
1H), 4.19-4.09 (m, 3H), 4.09-4.02 (m, 2H), 3.42-3.38 (m, 2H), 2.33 (t, J = 7.9 Hz, 2H), 2.31 (t, J 
= 7.9 Hz, 2H), 1.65-1.57 (m, 4H), 1.51 (s, 9H, one diastereomer), 1.50 (s, 9H, the other 
diastereomer), 1.44 (s, 9H), 1.32-1.24 (m, 56H), 0.90-0.86 (m, 6H). 
13C NMR (126 MHz, CDCl3) δ 173.24, 172.84 (the other diastereomer), 172.83 (one 
diastereomer), 155.77, 84.05 (d, J = 7.5 Hz, the other diastereomer), 83.98 (d, J = 8.3 Hz, one 
























40.89 (d, J = 7.1 Hz), 34.15, 34.01, 31.90, 31.56, 29.76, 29.73, 29.68, 29.64, 29.62, 29.47, 29.34, 
29.27, 29.11, 29.08, 28.34, 24.82, 22.67, 22.62, 14.09. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -4.79 (the other diastereomer), -
4.86 (one diastereomer). 
IR (ATR) 2915, 2849, 1741, 1714, 1523, 1466, 1366, 1253, 1168, 1039, 996 cm-1. 
MS (ESI) m/z 927 (M+Na)+. 
HRMS (ESI) calcd for C50H98N1Na1O10P1 (M+Na)+ 926.68260, found 926.68169. 
White wax 
 
Table 7, Entry 2 
 
To a solution of CH2Cl2 solution of diol 11a (210 mg, 0.57 mmol), linoeic acid (633 mg, 2.3 
mmol) and DMAP (70 mg, 0.57 mmol) was added EDC・HCl (328 mg, 1.7 mmol) at room 
temperature. After stirred for 17 h at room temperature under N2, the reaction mixture was diluted 
with ethyl acetate and then washed with water. The organic layer was dried over Na2SO4 and 
concentrated in vacuo. The residue was purified by column chromatography (ethyl acetate / 
Hexane = 2 / 3) to give the target product 12b as a colorless oil (412 mg, 0.46mmol). 
3-((tert-Butoxy(2-((tert-butoxycarbonyl)amino)ethoxy)phosphoryl)oxy)propane-1,2-diyl 
(9Z,9'Z,12Z,12'Z)-bis(octadeca-9,12-dienoate) (12b) 
1H NMR (500 MHz, CDCl3) δ 5.41-5.30 (m, 8H), 5.25-5.22 (m, 1H), 5.13 (br, 1H), 4.35 (ddd, J 
= 11.9, 4.2, 1.4 Hz, 1H), 4.18-4.09 (m, 3H), 4.09-4.03 (m, 2H), 3.40 (d, J = 4.4 Hz, 2H), 2.77 (t, 
J = 6.6 Hz, 4H), 2.33 (t, J = 7.9 Hz, 2H), 2.31 (t, J = 7.8 Hz, 2H), 2.05 (q, J = 6.8 Hz, 8H), 1.62-
1.59 (m, 4H), 1.505 (s, 9H, one diastereomer), 1.499 (s, 9H, the other diastereomer), 1.44 (s, 9H), 
1.37-1.25 (m, 28H), 0.89 (t, J = 6.9 Hz, 6H). 
13C NMR (126 MHz, CDCl3) δ 173.18, 172.77, 155.74, 130.18, 129.95, 128.03, 127.84, 84.02 (d, 
J = 7.7 Hz, one diastereomer), 83.96 (d, J = 7.6 Hz, the other diastereomer), 79.45, 69.39 (d, J = 
8.1 Hz), 66.77 (d, J = 6.2 Hz), 64.88 (d, J = 5.5 Hz), 61.74, 40.87 (d, J = 6.0 Hz), 34.10, 33.96, 
Linoleic acid (4.0 eq.)
EDC (3.0 eq.)
DMAP (1.0 eq.)





















31.86, 31.54, 31.48, 29.75, 29.71, 29.58, 29.30, 29.15, 29.08, 29.05, 29.02, 28.33, 27.15, 25.58, 
24.77, 22.53, 14.03. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -4.77 (one diastereomer), -4.84 
(the other diastereomer). 
IR (ATR) 2924, 2854, 1741, 1715, 1514, 1458, 1365, 1250, 1170, 1038, 1001, 863, 777 cm-1. 
MS (ESI) m/z 918 (M+Na)+. 
HRMS (ESI) calcd for C50H90N1Na1O10P1 (M+Na)+ 918.62000, found 918.62168. 
Colorless oil 
 
Table 7, Entry 3 
 
To a solution of CH2Cl2 solution of diol 11b (481 mg, 1.1 mmol), stearic acid (781 mg, 2.8 mmol) 
and DMAP (132 mg, 1.1 mmol) was added EDC・HCl (630 mg, 3.3 mmol) at room temperature. 
After stirred for 20 h at room temperature under N2, the reaction mixture was diluted with ethyl 
acetate and then washed with water. The organic layer was dried over Na2SO4 and concentrated 
in vacuo. The residue was purified by column chromatography (ethyl acetate / hexane = 2 / 3) to 
give the target product 12a as a white wax (795 mg, 0.82mmol). 
3-(((Benzyloxy)(2-(((benzyloxy)carbonyl)amino)ethoxy)phosphoryl)oxy)propane-1,2-diyl 
distearate (12c) 
1H NMR (500 MHz, CDCl3) δ 7.37-7.30 (m, 10H), 5.33 (t, J = 5.7 Hz, 1H, one diastereomer), 
5.30 (t, J = 5.8 Hz, 1H, the other diastereomer), 5.21-5.16 (m, 1H), 5.09-5.05 (m, 4H), 4.27 (dt, 
Jd = 11.9 Hz, Jt = 3.8 Hz, , 1H), 4.17-4.04 (m, 5H), 3.42 (br, 2H),2.29 (t, J = 7.7 Hz) 2.28 (t, J = 
7.5 Hz, 2H), , 1.60-1.57 (m, 4H), 1.25 (m, 56H), 0.88 (t, J = 7.0 Hz). 
13C NMR (126 MHz, CDCl3) δ 173.21, 172.86 (the other diastereomer), 172.83 (one 
diastereomer), 156.27, 136.36, 135.40 (d, J = 6.0 Hz), 128.80, 128.67, 128.48, 128.10, 128.05, 
128.04, 69.76 (d, J = 6.0 Hz, one diastereomer), 69.75 (d, J = 5.6 Hz, the other diastereomer), 
























= 5.0 Hz), 66.78, 65.49 (d, J = 5.0 Hz), 41.28 (d, J = 6.1 Hz), 34.09, 33.96, 31.90, 29.68, 29.64, 
29.61, 29.46, 29.34, 29.26, 29.09, 29.05, 14.09. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -0.15 (one diastereomer), -0.17 
(the other diastereomer). 
IR (ATR) 3314, 2916, 2849, 1736, 1535, 1466, 1377, 1253, 1161, 1104, 1008, 885, 736 cm-1. 
MS (ESI) m/z 995 (M+Na)+. 
HRMS (ESI) calcd for C56H94N1Na1O10P1 (M+Na)+ 994.65130, found 994.65120. 
White wax 
 
Table 7, Entry 4 
 
To a solution of CH2Cl2 solution of diol 11c (127 mg, 0.37 mmol), stearic acid (264 mg, 0.93 
mmol) and DMAP (45 mg, 0.37 mmol) was added EDC・HCl (212 mg, 1.11 mmol) at room 
temperature. After stirred for 20 h at room temperature under N2, the reaction mixture was diluted 
with ethyl acetate and then washed with water. The organic layer was dried over Na2SO4, filtered, 
and concentrated in vacuo. The residue was purified by column chromatography (ethyl acetate / 
hexane = 2 / 3) to give the target product 12d as a white wax (275 mg, 0.32 mmol). 
3-(((Allyloxy)(2-(((allyloxy)carbonyl)amino)ethoxy)phosphoryl)oxy)propane-1,2-diyl 
distearate (12d) 
1H NMR (500 MHz, CDCl3) δ 5.98-5.88 (m, 2H), 5.40-5.36 (m, 2H), 5.33-5.29 (m, 2H), 5.28-
5.20 (m, 2H), 4.54-4.53 (m, 4H), 4.33 (dt, Jd = 12.0 Hz, Jt = 4.4 Hz, 1H), 4.23-4.11 (m, 5H), 3.48 
(d, J = 4.8 Hz, 2H), 2.33 (t, J = 7.6 Hz, 2H), 2.31 (t, J = 7.6 Hz, 2H), 1.64-1.58 (m, 4H), 1.28-
1.25 (m, 56H), 0.88 (t, J = 7.0 Hz, 6H). 
13C NMR (126 MHz, CDCl3) δ 173.24, 172.89 (the other diastereomer), 172.85 (one 
diastereomer), 156.17, 132.72, 132.07 (d, J = 6.4 Hz), 118.83 (d, J = 1.5 Hz), 117.70, 69.32 (d, J 
= 7.3 Hz, one diastereomer), 69.29 (d, J = 7.4 Hz, the other diastereomer), 68.59 (d, J = 5.3 Hz, 
the other diastereomer), 68.58 (d, J = 5.1 Hz, one diastereomer), 67.08 (d, J = 5.6 Hz), 65.53 (d, 
























4.8 Hz), 34.12, 34.99, 31.90, 29.68, 29.64, 29.63, 29.61, 29.46, 29.33, 29.26, 29.10, 29.06, 24.80, 
22.66, 14.09. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -0.11 (one diastereomer), -0.14 
(the other diastereomer). 
IR (ATR) 3304, 2915, 2849, 1736, 1534, 1466, 1376, 1253, 1161, 1101, 1023, 989, 931, 
888, 720 cm-1. 
MS (ESI) m/z 895 (M+Na)+. 
HRMS (ESI) calcd for C48H90N1Na1O10P1 (M+Na)+ 894.62000, found 894.62196. 
White wax 
 
Table 8, Entry 1 
 
To a dichloromethane solution (5 ml) of trialkyl phosphate (410 mg, 0.45 mmol) was added 1,4-
dioxane solution of hydrogen chloride (4 mol/L) (2.4 ml, 9.6 mmol) at 0℃. After stitted for 3 h 
at room temperature, the reaction mixture was concentrated in vacuo to give desired phospholipid 
13a (296 mg, 80%) as a white solid. 
2-(((2,3-Bis(stearoyloxy)propoxy)(hydroxy)phosphoryl)oxy)ethan-1-aminium chloride 
(13a) 
1H NMR (500 MHz, CDCl3) δ 9.01 (brs, 1H), 8.18 (brs, 3H), 5.25-5.19 (m, 1H), 4.35 (dd, J = 
11.8, 2.9 Hz, 1H), 4.28-4.22 (m, 2H), 4.15 (dd, J = 11.9, 6.4 Hz, 1H), 4.07-4.03 (m, 2H), 3.32 
(brs, 2H), 2.32 (t, J = 7.3 Hz, 2H), 2.29 (t, J = 7.4 Hz, 2H), 1.64-1.55 (m, 4H), 1.32-1.24 (m, 56H), 
0.88 (t, J = 7.0 Hz, 6H). 
13C NMR (126 MHz, CDCl3) δ 173.3, 172.9, 69.7 (d, J = 7.8 Hz), 64.8 (d, J = 5.6 Hz), 63.0 (d, J 
= 3.6 Hz), 62.1, 40.3, 34.2, 34.0, 29.7, 29.7, 29.59, 29.58. 29.40, 29.37, 29.21, 29.16, 24.90, 24.86, 
22.7, 14.1. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -0.54. 
IR (ATR) 2915, 2849, 1735, 1466, 1170, 1064, 1019, 820 cm-1. 

























4N HCl in Dioxane (20 eq.) Cl
 69 
HRMS (ESI) calcd for C41H83N1O8P1 (M–Cl)+ 748.5856, found 748.5841.  
White solid 
 
Table 8, Entry 2 
 
To a dichloromethane solution (3.7 ml) of trialkyl phosphate 12a (332 mg, 0.37 mmol) 
was added trifluoroacetic acid (3.7 ml) at room temperature. After stitted for 3 h at room 
temperature, the reaction mixture was concentrated in vacuo to give desired phospholipid 
13b (266 mg, 84%) as a white solid. 
2-(((2,3-Bis(stearoyloxy)propoxy)(hydroxy)phosphoryl)oxy)ethan-1-aminium 2,2,2-
trifluoroacetate (13b) 
1H NMR (500 MHz, CF3CO2D) δ 5.40 (br, 1H), 4.46-4.41 (m, 3H), 4.28-4.23 (m, 3H), 3.48 (br, 
2H), 2.42-2.39 (m, 2H), 2.37 (t, J = 7.6 Hz, 2H), 1.61-1.58 (m, 4H), 1.23-1.18 (m, 56H), 0.75 (t, 
J = 6.3 Hz, 3H). 
13C NMR (126 MHz, CF3CO2D) δ 181.03, 180.77, 73.38 (d, J = 6.3 Hz), 67.94, 65.50 (d, J = 
3.9 Hz), 65.43, 43.76, 36.73, 36.54, 34.33, 32.12, 32.07, 32.00, 31.83, 31.78, 31.52, 31.78, 
31.33, 27.27, 27.20, 24.89, 15.40. 
31P NMR (202 MHz, CF3CO2D, External standard: 85 % H3PO4) δ -0.14. 
IR (ATR) 2916, 2849, 1723, 1646, 1548, 1465, 1365, 1224, 1165, 1062, 1012, 910, 812 cm-1 
MS (ESI) m/z 771 (M– CF3COOH+Na)+. 








































Table 8, Entry 3 
 
To a solution of trialkyl phosphate 12b (405 mg, 0.45 mmol) in CH2Cl2 (4.5 ml) was 
added trifluoroacetic acid (4.5 ml). After stirred for 3 h at room temperature, the reaction 
mixture was concentrated in vacuo. The residue was purified by column chromatography 
(CH3Cl3 / MeOH / H2O = 40 / 10 / 1) to give target phospholipid 13c (340 mg, 0.4 mmol) 
as a white wax. 
2-(((2,3-bis(((9Z,12Z)-octadeca-9,12-dienoyl)oxy)propoxy)(hydroxy)phosphoryl)oxy)ethan-
1-aminium 2,2,2-trifluoroacetate (13c) 
1H NMR (500 MHz, CDCl3) δ 8.34 (br, 1H), 5.40-5.29 (m, 8H), 5.22-5.20 (m, 1H), 4.36 (dd, J = 
11.7, 2.4 Hz, 1H), 4.16-4.12 (m, 3H), 3.97 (t, J = 5.4 Hz, 2H), 3.19-3.11 (m, 2H), 2.77 (t, J = 6.6 
Hz, 3H), 2.31 (t, J = 7.6 Hz, 2H), 2.29 (t, J = 7.7 Hz, 2H), 2.05 (q, J = 6.9 Hz, 8H), 1.59 (m, 4H), 
1.38-1.27 (m, 28H), 0.89 (t, J = 6.9 Hzm, 3H). 
13C NMR (126 MHz, CDCl3) δ 173.44, 173.16, 130.20, 129.95, 128.05, 127.86, 70.08 (d, J = 8.0 
Hz), 64.16, 62.37, 45.60, 40.37, 34.18, 34.01, 31.50, 29.75, 29.65, 29.52, 29.32, 29.27, 29.25, 
29.19, 29.18, 29.13, 29.09. 27.20, 27.17, 25.60, 24.88, 24.83, 22.55, 14.05. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ 0.13. 
IR (ATR) 3008, 2924, 2853, 1737, 1539, 1458, 1377, 1203, 1163, 1069, 1027, 915, 823 cm-1. 
MS (ESI) m/z 763 (M+Na)+. 
HRMS (ESI) calcd for C41H74N1Na1O8P1 (M+Na)+ 762.50497, found 762.50377. 
White wax 
 
Table 8, Entry 4 
 
CF3CO2H / CH2Cl2
























































To a solution of trialkyl phosphate 12c (233mg, 0.24 mmol) in AcOEt (2.4 ml) was added 
palladium hydroxide (23 mg). After the reaction mixture was stirred for 1 day at room temperature 
under H2, 5% trifluoroacetic acid in CH2Cl2 (3 ml) was added. The resulting mixture was filtered 
on Celite and rinsed with CHCl3. The filtrate was concentrated in vacuo to give desired 
phospholipid 13d (186 mg, 90%) as trifluoroacetate. 
 
Table 8, Entry 5 
 
To a solution of trialkyl phosphate 12d (251 mg, 0.29 mmol) and molpholine (0.13 ml, 1.45 
mmol) in THF was added Pd(PPh3)4 (17 mg, 0.015 mmol). After the reaction mixture was stirred 
for 12 h at room temperature under N2, the precipitate was collected by filtration, washed acetone 




To a solution of phosphatidyl ethanolamine 13c (100 mg, 0.12 mmol) in CH2Cl2 (0.74 ml) and i-
PrOH (0.92 ml) was added potassium carbonate (89 mg, 0.64 mmol) in H2O (0.4 ml) and dimethyl 
sulfate (84 mg, 0.67 mmol) in i-PrOH (1.21 ml). After stirred for 1.5 h at 40℃, the reaction 
mixture was diluted with CHCl3, then filtered on Celite and rinsed with CHCl3. The filtrate was 
concentrated in vacuo. The residue was purified by column chromatography on silica (CHCl3 / 
MeOH / H2O = 12 / 6 / 1) to give phosphatidyl choline 14 (76 mg, 83 %) as a white wax. 
2,3-Bis(((9Z,12Z)-octadeca-9,12-dienoyl)oxy)propyl (2-(trimethylammonio)ethyl) 
phosphate (14) 
1H NMR (500 MHz, CDCl3) δ 5.41-5.30 (m, 8H), 5.23-5.18 (m, 1H), 4.40 (dd, J = 12.0, 2.8 hz, 
















































iPrOH / CH2Cl2 / H2O















9H), 2.77 (t, J = 6.7 Hz, 4H), 2.05 (t, J = 8.3 Hz, 2H), 2.28 (t, J = 8.3 Hz, 2H), 2.05 (q, J = 6.9 
Hz, 8H), 1.58 (br, 4H), 1.38-1.27 (m, 28H), 0.89 (t, J = 6.9 Hz, 6H). 
13C NMR (126 MHz, CDCl3) δ 173.52, 173.17, 130.24, 129.99, 128.07, 127.88, 70.58 (d, J = 7.7 
Hz), 66.42 (d, J = 6.6 Hz), 63.34 (d, J = 5.1 Hz), 63.03, 59.28 (d, J = 4.8 Hz), 54.47, 34.33, 34.12, 
31.52, 29.66, 29.35, 29.27, 29.24, 29.18, 29.14, 29.11, 27.21, 25.63, 24.96, 24.88, 22.58, 14.09. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ 0.20 
IR (ATR) 3371, 3008, 2925, 2854, 1732, 1465, 1377, 1248, 1170, 1090, 1057, 968, 909 cm-1 
MS (ESI) m/z 805 (M+Na)+. 





Synthesis of Allyl protected nucleoside 17 
 
To a solution of deoxythymidine 15 (1.7 g, 2.6 mmol), Et3N (2.1 ml, 15 mmol) and DMAP (159 
mg, 1.3 mmol) in CH2Cl2 (6 ml) was added TsCl (1.5 g, 7.7 mmol) at 0°C. After stirred for 12 h 
at room temperature under N2, the reaction mixture was diluted with CH2Cl2 and washed with 
H2O followed by saturated NaHCO3 aqueous solution. The organic layer was dried over Na2SO4, 
filtered, and concentrated in vacuo. The crude residue was combined with Allyl alcohol (1.7 ml, 
25 mmol), 2M THF solution Me3N (6.5 mL, 13 mmol) and cooled to 0°C, then treated with DBU 
(1.2 ml, 7.7 mmol). After stirred for 6 h at 0°C, the reaction mixture was diluted with AcOEt and 
washed with H2O followed by brine. The organic layer was dried over Na2SO4, filtered, and 



































The crude product 17 was dissolved in Et2O (10 ml) and cooled to 0°C, then treated with formic 
acid (10 ml). After stirred for 6 h, the reaction mixture was quenched by addition of saturated 
NaHCO3 aqueous solution. The mixture was extracted with Et2O. The combined extracts were 
washed with H2O and brine, dried over Na2SO4, and concentrated in vacuo. The residue was 
purified by column chromatography (AcOEt / MeOH = 1 / 1) to give 18 (100 mg, 75 % from 15). 
4-(Allyloxy)-1-((2R,4S,5R)-4-((tert-butyldimethylsilyl)oxy)-5-(hydroxymethyl)tetrahydrofu
ran-2-yl)-5-methylpyrimidin-2(1H)-one (18)[20] 
1H NMR (CDCl3) δ 7.62 (s, 1H), 5.95-6.10 (m, 2H), 5.37 (dd, J = 17.3, 1.5 Hz, 1H), 5.26 (dd, J 
= 10.4, 1.5 Hz, 1H), 4.88 (d, J = 5.9 Hz, 2H), 4.50 (dt, J = 6.2, 3.9 Hz, 1H), 3.91-3.95 (m, 2H), 
3.71-3.78 (m, 1H), 3.23 (dd, J = 6.2, 3.1 Hz, 1H), 2.47 (dt, J = 13.4, 6.4 Hz, 1H), 2.27 (ddd, J = 
13.4, 6.4, 3.9 Hz, 1H), 1.95 (s, 3H), 0.87 (s, 9H), 0.06 (s, 6H). 
IR (KBr) 3418, 1661, 1537 cm-1 
 
 
To a THF solution (15 mL) of the crude product 17 and triethylamine (5.5 mL, 39 mmol) was 
added triethylamine trihydrofluoride (3HF•Et3N) (4.0 mL, 26 mmol) at room temperature. After 
being stirred for 16 h at 40°C, the reaction mixture was quenched by addition of saturated sodium 
bicarbonate. The mixture was extracted with CHCl3. The combined extracts were dried over 
Na2SO4, and concentrated in vacuo. The residue was purified by column chromatography on silica 










HCO2H / Et2O 































1H NMR (CDCl3) δ 7.86 (s, 1H), 7.20-7.39 (m, 9H), 6.81 (d, J = 8.9 Hz, 4H), 6.38 (t, J = 6.4 
Hz, 1H), 6.01 (ddt, J = 16.8, 10.4, 5.4 Hz, 1H), 5.35 (dd, J = 16.8, 1.5 Hz, 1H), 5.24 (dd, J = 
10.4, 1.5 Hz, 1H), 4.86 (d, J = 5.4 Hz, 1H), 4.53 (dt, J = 5.4, 3.0 Hz, 1H), 4.10 (dd, J = 5.4, 3.0 
Hz, 1H), 3.77 (s, 6H), 3.46 (dd, J = 10.4, 3.0 Hz, 1H), 3.35 (dd, J = 10.4, 3.0 Hz, 1H), 2.86 (br, 
1H), 2.63 (ddd, J = 13.9, 5.9, 3.5 hz, 1H), 2.24 (dt, J = 13.4, 6.4 Hz, 1H), 2.05 (s, 3H). 




To a solution of tris(2,2,2-trifluoroethyl) phosphate 1 (894 mg, 2.60 mmol), 18 (870 mg, 2.20 
mmol) and flame-dried MS4A 870 mg in toluene (22 mL) was added DBU (1,8-
diazabicyclo[5.4.0]undec-7-ene) (334 mg, 2.20 mmol) at 0 °C under N2 atmosphere. After stirring 
for 5 h at room temperature, the reaction was quenched by addition of phosphate buffer (pH 7.0) 
at 0 °C. The mixture was extracted with ethyl acetate. The combined extracts were washed with 
aqueous brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / AcOEt = 2 / 3) to give 5 as a white solid (1.31 g, 93%).  
((2R,3S,5R)-5-(4-(allyloxy)-5-methyl-2-oxopyrimidin-1(2H)-yl)-3-((tert- 
butyldimethylsilyl)oxy)tetrahydrofuran-2-yl)methyl bis(2,2,2-trifluoroethyl) phosphate  
(20) 
1H NMR (500 MHz,CDCl3) δ 7.57-7.56 (m, 1H), 6.27 (t, J = 6.2 Hz, 1H), 6.05 (ddt, Jd = 17.2, 
10.6 Hz, Jt = 5.5 Hz, 1H), 5.39 (ddt, Jd = 17.2, 1.5 Hz, Jt = 1.5 Hz, 1H), 5.27 (ddt, Jd = 10.5, 1.3 
Hz, Jt = 1.3 Hz, 1H), 4.90 (ddt, Jd = 5.6, 1.4 Hz, Jt = 1.4 Hz, 2H), 4.45-4.28 (m, 7H), 4.06-4.02 
(m, 1H), 2.46 (ddd, J = 13.7, 6.6, 5.1 Hz, 1H), 2.15 (ddd, J = 13.4, 7.1, 6.0 Hz, 1H), 1.98 (d, J = 
0.9 Hz, 3H), 0.89 (s, 9H),0.08 (s, 3H), 0.07 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 170.1, 155.6, 139.3, 132.1, 122.2 (dq, Jd = 9.2 Hz, Jq = 277.6 Hz), 
118.1, 104.9, 86.6, 84.5 (d, J = 7.4 Hz), 70.5, 67.7, 67.6 (d, J = 6.2 Hz), 64.1 (dq, Jd = 4.0 Hz, Jq 














DBU (1.0 eq), MS4A (100 wt%)
















31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -1.1. 
19F NMR (470 MHz, CDCl3, Internal standard : Hexafluorobenzene) δ 86.48-86.43 (m). 
IR (ATR) 2953, 2933, 2858, 1666, 1533, 1470, 1417, 1270, 1168, 1075 cm-1 . 
MS (ESI) m/z 663 (M+Na)+.  
HRMS (ESI) calcd for C23H35F6N2Na1O8P1Si1 (M+Na)+ 663.17022, found 663.17099 
White solid 
 
Table 9, Entry 2 
 
To a toluene (10 mL) and THF (5 ml) solution of 19 (1.2 g, 2.1 mmol) was added 2.1 mL of a 1.0 
M hexane solution of lithium tert-butoxide (2.1 mmol) at 0°C. After stirred for 1 h at 0°C, the 
reaction mixture was cooled to –45°C and treated a toluene solution (5 mL) of 20 (1.3 g, 2.0 
mmol). After being stirred for 5 h at –45°C and then 1.5 h at 0 ℃, the reaction was quenched by 
addition of phosphate buffer (pH 7) at room temperature. The mixture was extracted with ethyl 
acetate. The combined extracts were washed with aqueous brine, dried over Na2SO4, and 
concentrated in vacuo. The residue was purified by column chromatography on silica (1:2 




butyldimethylsilyl)oxy)tetrahydrofuran-2-yl)methyl) (2,2,2-trifluoroethyl) phosphate (21) 
1H NMR (500 MHz, CDCl3) δ 7.82 (d, J = 1.0 Hz, 1H, one diastereomer), 7.80 (d, J = 1.0 Hz, 
1H, the other diastereomer), 7.58 (d, J = 1.0 Hz, 1H, the other diastereomer), 7.55 (d, J = 1.0 Hz, 
1H, one diastereomer), 7.37-7.33 (m, 2H), 7.31-7.22 (m, 7H), 6.84-6.81 (m, 4H), 6.46 (ddd, J = 
5.4, 7.9, 13.1 Hz, 1H), 6.24 (dt, Jd = 12.0 Hz, Jt=6.0 Hz, 1H), 6.08-5.99 (m, 2H), 5.41-5.35 (m, 



































Toluene / THF = 3 / 1




1H, the other diastereomer), 3.99-3.95 (m, 1H, one diastereomer), 3.79 (s, 6H), 3.56-3.51 (m, 1H), 
3.41-3.33 (m, 1H), 2.85-2.79 (m, 1H), 2.48-2.40 (m, 1H), 2.39-2.32 (m, 1H), 2.17-2.09 (m, 1H), 
1.95 (d, J = 1.0 Hz, 3H, one diastereomer), 1.94 (d, J = 1.0 Hz, 3H, the other diastereomer), 1.55 
(d, J = 0.9 Hz, 3H, one diastereomer), 1.53 (d, J = 0.9 Hz, 3H, the other diastereomer), 0.883 (s, 
9H, the other diastereomer), 0.875 (s, 9H, one diastereomer), 0.08 (s, 3H, the other diastereomer), 
0.07 (s, 3H, the other diastereomer), 0.062 (s, 3H, one diastereomer), 0.056 (s, 3H, one 
diastereomer). 
13C NMR (126 MHz, CDCl3) δ 170.07, 170.05, 170.01, 158.77, 158.76, 155.64, 155.63, 155.5, 
144.00, 143.98, 139.4, 139.3, 139.2, 135.00, 134.98, 132.13, 132.10, 132.0, 130.0, 128.02, 127.97, 
127.21, 127.19, 122.3 (q, J = 278.3 Hz), 118.2, 118.1, 113.3, 105.2, 105.1, 104.9, 104.8, 87.2, 
86.6, 86.4, 86.0, 85.8, 84.7-84.4 (m), 79.52 (d, J = 5.1 Hz), 79.48 (d, J = 4.4 Hz), 70.7, 70.5, 67.7 
(d, J = 8.3 Hz), 67.4 (d, J = 6.2 Hz), 67.2 (d, J = 6.2 Hz), 64.3-63.3 (m), 62.9 (d, J = 3.1 Hz), 55.2, 
41.3 (d, J = 1.9 Hz), 40.0 (d, J = 4.2 Hz), 39.9 (d, J = 4.1 Hz), 25.6, 17.8, 12.0, 11.60, 11.56, -
4.70, -4.73, -5.0. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -1.5 (one diastereomer), -1.6 (the 
other diastereomer). 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.68 (dd, J = 7.8, 7.8 Hz, 
one diastereomer), 86.59 (dd, J = 8.2, 8.2 Hz, the other diastereomer). 
IR (ATR) 2930, 2855, 1665, 1607, 1530, 1508, 1465, 1404, 1322, 1173, 1101, 829, 700 cm-1 
MS (ESI) m/z 1147 (M+Na)+ 












Table 9, Entry 3 
 
To a toluene solution (3.0 ml) of nucleoside 19 (234 mg, 0.4 mmol) and flame-dried MS4A (214 
mg) was added TBD (1,5,7-Triazabicyclo [4.4.0] dec-5-ene) (56 mg, 0.4 mmol). After stirred for 
30 min at room temperature, the reaction mixture cooled to -45°C and treated with a toluene (1 
ml) solution of nucleotide 20 (307 mg, 0.48 mmol). After stirred for 10 h at -45°C, the reaction 
was quenched by addition of a toluene solution (0.6 mL) of acetic acid (24 mg, 0.6 mmol) at -
0°C. The resulting mixture was filtered on Celite and washed with ethyl acetate. The filtrate was 
washed successively with phosphate buffer (pH 7), water and brine, dried over Na2SO4, and 
concentrated in vacuo. The residue was purified by column chromatography on silica (hexane / 
ethyl acetate = 2 / 3 + 1% Et3N) to give 21 (375 mg, 83 %) as a white solid. 
 
Table 10, Entry 3 
 
To a solution of allyl alcohol (16 mg, 0.27 mmol) in Toluene (1 ml) was added 0.27 mL of a 1.0 
M hexane solution of lithium tert-butoxide (0.27 mmol) at 0°C. After stirred for 1 h at 0°C, the 
reaction mixture was cooled to –45°C and treated a toluene solution (1 mL) of 21 (203 mg, 0.18 
mmol). After being stirred for 5 h at –45°C, the reaction was quenched by addition of a toluene 
solution (0.27 mL) of acetic acid (16 mg, 0.27 mmol) at –45°C, followed by addition of phosphate 









































































extracts were washed with aqueous brine, dried over Na2SO4, and concentrated in vacuo. The 
residue was purified by column chromatography on silica (hexane / ethyl acetate = 1 / 3 + 1% 




butyldimethylsilyl)oxy)tetrahydrofuran-2-yl)methyl) phosphate (22) 
1H NMR (500 MHz, CDCl3) δ 7.83 (d, J = 1.0 Hz, 1H, one diastereomer), 7.79 (d, J = 1.0 Hz, the 
other diastereomer), 7.68 (d, J = 1.0 Hz, one diastereomer), 7.64 (d, J = 1.0 Hz, the other 
diastereomer), 7.37-7.35 (m, 2H), 7.29-7.22 (m, 7H), 6.82 (d, J = 8.9 Hz, 4H), 6.47 (ddd, J = 14.0, 
8.1, 5.8 Hz, 1H), 6.27 (q, J = 6.4 Hz, 1H), 6.08-5.99 (m, 2H), 5.93-5.79 (m, 1H), 5.40-5.19 (m, 
6H), 5.16-5.14 (m, 1H), 4.91-4.88 (m, 4H), 4.57-4.53 (m, 1H), 4.46-4.15 (m, 4H), 4.03-4.00 (m, 
1H, one diastereomer),  3.96-3.95 (m, 1H, the other diastereomer), 3.77 (s, 6H), 3.54-3.51 (m, 
1H), 3.40-3.53 (m, 1H), 2.84-2.77 (m,1H), 2.49-2.41 (m, 1H), 2.37-2.32 (m, 1H), 2.13-2.03 (m, 
1H), 1.96 (d, J = 0.9 Hz, 3H, the other diastereomer), 1.94 (d, J = 1.1 Hz, 3H, one diastereomer), 
1.51 (d, J = 0.8 Hz, 3H, one diastereomer), 1.50 (d, J = 0.8 Hz, 3H, the other diastereomer), 0.88 
(s, 9H, the other diastereomer), 0.87 (s, 9H, one diastereomer), 0.074 (s, 3H), 0.069 (s, 3H), 0.056 
(s, 3H), 0.049 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 170.06, 170.03, 170.00, 158,76, 155.70, 155.64, 144.07, 139.43, 
139.37, 139.30, 135.13, 135.09, 132.20, 132.17, 132.09, 131.77, 131.74, 130.05, 128.09, 
127.99,127.19, 119.25, 119.04, 2.29 (d, J = 8.8 Hz), 113.28, 105.15, 105.06, 104.78, 104.74, 
87.16, 87.13, 86.37, 86.23, 85.97, 85.84, 84.86-84.67 (m), 78.61 (d, J = 5.0 Hz), 70.71, 70.55, 
68.73 (d, J = 5.2 Hz), 68.65 (d, J = 5.7 Hz), 67.70 (d, J = 8.3 Hz), 66.53-66.37 (m), 63.04 (d, J = 
6.9 Hz), 55.22, 41.53 (d, J = 4.4 Hz), 40.08, 25.66, 25.65, 17.88, 17.86, 12.19, 11.57, 11.55, -
4.63, -4.68, -4.91, -4.92. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ –0.85 (one diastereomer), -0.98 
(the other diastereomer). 
IR (ATR) 2928, 2854, 1664, 1606, 1529, 1507, 1465, 1402, 1321, 1248, 1221, 1175, 1109, 
1005, 986, 929, 828, 748, 700 cm-1 
MS (ESI) m/z 1105 (M+Na)+ 






To a THF solution (3.5 mL) of dinucleotide 22 (315 mg, 0.29 mmol) and triethylamine (0.65 mL, 
2.9 mmol) was added triethylamine trihydrofluoride (3HF•Et3N) (0.60 mL, 3.5 mmol) at room 
temoerature and heated to 40°C. After stirred for 10 h, the reaction mixture was quenched by 
addition of saturated sodium bicarbonate aqueous solution. The mixture was extracted with 
CHCl3. The combined extracts were washed with brine, dried over Na2SO4, and concentrated in 
vacuo. The residue was purified by column chromatography on silica (CHCl3 / MeOH = 9/1+1% 





1H NMR (500 MHz, CDCl3) δ 7.83 (d, J = 0.9 Hz), 7.69 (d, J = 1.0 Hz, the other diastereomer), 
7.65 (d, J = 1.0 Hz, one diastereomer), 7.37-7.35 (m, 2H), 7.30-7.24 (m, 7H), 6.84-6.82 (m, 4H), 
6.41 (ddd, J = 13.8, 8.4, 5.3 Hz, 1H), 6.33-6.28 (m, 1H), 6.07-5.99 (m, 2H), 5.93-5.83 (m, 1H), 
5.39-5.21 (m, 6H), 5.15-5.13 (m, 1H, the other diastereomer), 5.10-5.07 (m, 1H, one 
diastereomer), 4.90-4.87 (m, 4H), 4.57-4.30 (m, 5H), 4.22 (dd, J = 6.9, 3.6 Hz, 1H), 4.10-4.06 (m, 
1H), 3.792 (s, 6H, one diastereomer), 3.788 (s, 6H, the other diastereomer), 3.52-3.49 (m, 1H), 
3.39-3.35 (m, 1H), 2.88 (ddd, J = 13.3, 5.1, 1.0 Hz, the other diastereomer), 2.84 (ddd, J = 14.1, 
5.5, 2.2 Hz, 1H, one diastereomer), 2.62-2.53 (m, 1H), 2.35-2.27 (m, 1H), 2.21 (ddd, J = 12.9, 
7.7, 6.0 Hz, 1H, one diastereomer), 2.11 (dd, J = 13.4, 6.6 Hz, 1H, the other diastereomer), 1.96 
(d, J = 0.8 Hz, 3H, one diastereomer), 1.94 (d, J = 0.8 Hz, 3H,  the other diastereomer), 1.56 (d, 




























O 3HF・Et3N (10 eq.)
Et3N (15 eq.)





13C NMR (126 MHz, CDCl3) δ 170.20, 170.11, 170.01, 169.94, 158.75, 158.74, 155.90, 155.79, 
155.73, 155.67, 144.07, 144.03, 139.56, 139.41, 139.28, 139.22, 135.11, 135.06, 135.03, 132.17, 
132.11, 132.00, 131.91, 131.83, 131.77, 131.76, 131.71, 130.03, 130.00, 128.04, 128.01, 127.19, 
119.32, 119.06, 118.31-118.06 (m), 113.30, 105.67, 105.29, 104.92, 104.59, 87.21, 87.14, 86.22, 
86.19, 86.02, 84.79-84.14 (m), 79.52 (d, J = 4.6 Hz), 78.82 (d, J = 5.7 Hz), 70.22, 69.31, 68.82 
(d, J = 5.5 Hz), 68.61 (d, J = 5.2 Hz), 67.83 (d, J = 12.5 Hz), 67.65 (d, J = 4.5 Hz), 66.92 (d, J = 
6.0 Hz), 66.37 (d, J = 4.8 Hz), 63.24, 63.03, 55.23, 41.15, 41.05, 40.18, 39.91, 12.16, 11.60. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -0.60 (one diastereomer), -1.39 
(the other diastereomer). 
IR (ATR) 3334, 2932, 1660, 1529, 1507, 1463, 1403, 1321, 1247, 1221, 1174, 1113, 1075, 985, 
826, 747, 700 cm-1 
MS (ESI) m/z 991 (M+Na)+ 




The dinucleotide 23 (230 mg, 0.24 mmol) was dissolved in Et2O (1.5 ml) and cooled to 0°C, then 
treated with formic acid (1.5 ml). After stirred for 1.5 h, the reaction mixture was quenched by 
addition of saturated NaHCO3 aqueous solution. The mixture was extracted with CH3Cl. The 
combined extracts were dried over Na2SO4, and concentrated in vacuo. The residue was purified 
by column chromatography (CHCl3 / MeOH = 9 / 1) to give 24 (146 mg, 91 %) as a diastereomer 
mixture (2.1 : 1.0). 
Allyl ((2R,3S,5R)-5-(4-(allyloxy)-5-methyl-2-oxopyrimidin-1(2H)-yl)-2-
(hydroxymethyl)tetrahydrofuran-3-yl) (((2R,3S,5R)-5-(4-(allyloxy)-5-methyl-2-




































1H NMR (500 MHz, CDCl3) δ 7.81 (d, J = 1.0 Hz, 1H, one diastereomer), 7.75 (d, J = 0.9 Hz, 
1H, the other diastereomer), 7.67 (d, J = 1.0 Hz, the other diastereomer), 7.66 (d, J = 1.0 Hz, one 
diastereomer), 6.29 (t, J = 6.2 Hz, the other diastereomer), 6.26 (t, J = 6.1 Hz, one diastereomer), 
6.21-6.19 (m, 1H), 6.06-5.97 (m, 2H), 5.96-5.89 (m, 1H), 5.41-5.39 (m, 3H, one diastereomer), 
5.37-5.36 (m, 3H, the other diastereomer), 5.30-5.25 (m, 3H), 5.22-5.16 (m, 1H), 4.89-4.85 (m, 
4H), 4.72 (d, J = 4.5 Hz, 1H, one diastereomer), 4.69 (d, J = 4.5 Hz, 1H, the other diastereomer), 
4.60-4.57 (m, 2H), 4.53-4.47 (m, 1H), 4.37-4.08 (m, 5H), 3.89 (d, J = 1.9 Hz, 2H), 2.71-2.65 (m, 
1H), 2.59-2.54 (m, 1H), 2.49-2.37 (m, 1H), 2.23-2.13 (m, 1H), 2.05 (br, 1H), 1.99 (d, J = 0.9 Hz, 
3H, the other diastereomer), 1.98 (d, J = 0.8 Hz, 3H, one diastereomer), 1.963 (s, 3H, one 
diastereomer), 1.962 (s, 3H, the other diastereomer). 
13C NMR (126 MHz, CDCl3) δ 170.26, 170.23, 170.15, 170.11, 155.96, 155.94, 155.89, 140.64, 
140.61, 139.84, 139.63, 131.97, 131.94, 131.91, 131.78, 131.73, 131.69, 119.36,119.24, 118.29, 
105.37, 105.26, 105.23, 105.11, 86.72, 86.53, 86.21, 86.16, 85.93, 84.64-84.47 (m), 78.99 (d, J = 
5.2 Hz), 78.07 (d, J = 5.4 Hz), 70.19, 69.82, 68.92 (d, J = 5.4 Hz), 68.83 (d, J = 5.3 Hz), 67.83 (d, 
J = 2.0 Hz), 67.74, 66.96 (d, J = 5.4 Hz), 66.70 (d, J = 5.5 Hz), 61.92, 61.70, 40.889, 40.78, 39.37, 
39.12, 12.21, 12.17. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -0.81 (one diastereomer), -1.19 
(the other diastereomer). 
IR (ATR) 3337, 2933, 1655, 1624, 1529, 1467, 1405, 1322, 1262, 1223, 1190, 1105, 987 cm-1 
MS (ESI) m/z 689 (M+Na)+ 




To a solution of trialkyl phosphate 24 (145 mg, 0.21 mmol) and Et2NH・HCO3 (425 mg, 3.15 




































stirred for 2 h at room temperature under N2, the the reaction mixture was diluted with CH2Cl2.The 
resulting mixture was extracted with H2O. The combined extracts were concentrated in vacuo. 
The residue was purified by column chromatography (CH3Cl / MeOH = 2 / 1 + 1% H2O) to give 
25 (114 mg, 94 %). 
((2R,3S,5R)-3-hydroxy-5-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-
yl)tetrahydrofuran-2-yl)methyl ((2R,3S,5R)-2-(hydroxymethyl)-5-(5-methyl-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)tetrahydrofuran-3-yl) hydrogen phosphate (25) 
1H NMR (500 MHz, CDCl3) δ 7.52 (s, 1H), 7.49 (s, 1H), 6.14 (t, J = 6.8 Hz, 1H), 6.04 (t, J = 
6.8 Hz, 1H), 4.43 (q, J = 4.8 Hz, 1H), 4.03-3.90 (m, 4H), 3.68-3.60 (m, 2H), 2.40 (ddd, J = 3.5, 
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R = H2 (ethanol amine type) Me3 (choline type)






































































































CH2Cl2, r.t., 15 h
TBSCl (2.0 eq.)
imidazole (3.0 eq.)
THF, r.t., 20 h
DIBAL-H (2.2 eq.)


































BocHN (1. 5 eq.)
tBuOLi (2.5 eq.)
















THF , 40 ℃, 18 h
HO R
O
(1.1 - 1.2 eq.)






















36b : R =
36c : R =
92%






37b : R =
37c : R =
quant.









Scheme 2. Synthesis of alkyl acyl phosphatidylethanolamine 37a - 37c.
C20H41Br (2.0 eq.)
tBuOK (2.0 eq.)
Toluene, 100℃, 2 h
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まず、ソルケタール(R)-5 に対して塩基性条件下においてブロモアルキルを作用させる
ことでエーテル 29 を収率 96%で合成した。続いて、酸性条件下でアセタール保護の脱
保護を行い、ジオール 30 を収率 93%で得た。次にジオール 30 の１級ヒドロキシ基と
２級ヒドロキシ基にそれぞれピバロイル保護と TBS 保護を行った後に DIBAL-H を用
いてピバロイル基のみを選択的に脱保護させることでジオール30の２級ヒドロキシ基
のみを保護した保護体 33 を合成した。ここで保護体 33 とリン酸ジアルキルトリフル
オロエチル 3a を用いてエステル交換反応を行うことで、TBS 基が転位することなく、
リン酸トリエステル 34 を収率 91%で得ることができた。次に２級ヒドロキシ基のTBS
基の脱保護を行った後に不飽和脂肪酸との縮合反応を行った。そして、最後に酸性条件
にてリン酸エステル部位の Boc 保護と tBu 保護を脱保護することで目的のアルキルア
シルグリセロリン脂質 37a, 37b, 37c の合成に成功した。 













セロリン脂質 37a の ERK1/2 のリン酸化の評価を行った（Figure 2）。 
(MeO)2SO2 (5.2 eq.)
K2CO3 (5.0 eq.)
iPrOH / CH2Cl2 / H2O






























































考えた。硫黄原子の安定同位体には 32S (95.02 %), 33S (0.75 %), 34S (4.21 %), 36S 
(0.02 %)の４種類が存在する。この中でも炭素原子や水素原子の同位体に見られない特





 まず、硫黄原子を導入した長鎖トシラートの合成を行った（Scheme 3）[8]。 
 
はじめにオクタンチオール 39 と 8-ブロモオクタン酸 40 を塩基性条件下で反応させる
ことで硫黄原子を導入した脂肪酸 41 を収率 78%で合成した。その後、カルボン酸を還
元することでアルコールを収率 80%で合成した。最後にアルコールのトシル化を行い、
目的のトシラート 43 を収率 98%で合成した。 








+ KOH (2.0 eq.)












THF, r.t., 5 h C8H17SC8H16OTs43
98%
Scheme 3. Synthesis of Tosylate 43
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各反応 Scheme 1 と同様の合成経路で合成を行い、目的の硫黄原子を導入したアルキ
ルアシルグリセロリン脂質 52 を合成することに成功した。 
 次にアルキルアシルグリセロリン脂質 52 の生理活性評価を行った。まず、タンパク
リン酸化酵素のERK1/2 のリン酸化活性評価を行った（Figure 3）。 
 
 
C8H17SC8H16OTs (1.0 eq.)tBuOK (1.1 eq.)














































































EDC (2.0 eq.), DMAP (1.0 eq.)
CH2Cl2, r.t., 5 h
6O
HCl (20 eq.)











Scheme 4. Synthesis of alkyl acyl phosphatidylethanol amine 52
O
6HO
Figure 3. Phosphorylation of ERK protein kinase. 
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Figure 4. Reduction of proinflammatory cytokine IL-1β in 
 mice cortex induced by LPS treatments. 
Figure 5. Reduction of proinflammatory cytokine TNF-α in 























結果である。Figure 6-B,Cの結果から、アルキルアシルグリセロリン脂質 52 をマウス
に投与することで記憶機能が向上することが分かった。 
Figure 6. Improvement of learning and memory by 52. 






































加水分解されることを抑制する目的でイノシトール-１-リン酸の O-P 結合を C-P 結合
に変換させた類縁体の合成を行っている（Figure 7）[9]。 
 




























































Pd / C (5 wt%)




















AcOEt, reflux, 7 h
tBuOLi (2.0 eq.)







































EDC (1.2 eq.), DMAP (1.2 eq.)




（Scheme 5, continued） 
 
まず、グリセロール 33 を IBX 酸化することでアルデヒド 53 を収率 93%で合成した
[10]。その後、アルデヒドに対してホーナー・ワズワース・エモンズ反応[11]を行うことで




エステル 56 を収率 91%で得ることができた。次に tBuOLi を反応させることで円滑に
反応が進行し、ホスホナート 57 を定量的に得ることができた。この結果より、選択的
なエステル交換反応はリン酸エステルだけでなく、ホスホン酸エステルに対しても適用

















4N HCl in dioxane (20 eq.)






























はじめにソルケタール(R)-5 からグリセロール 68 の合成を行った（Scheme 6）。 
 
まず、ソルケタール(R)-5 に対して塩基性条件下にてトリクロロエチレンを作用させ
ることでジクロロビニルエーテル 61 を収率 86%で合成した[14]。次に酸性条件下にてア
OTBS












THF / Toluene, r.t. 2 days
Pd / BaSO4 (10 wt%)
quinoline (1.0 eq.)





CH2Cl2, r.t. 1 h
OTBS
O C16H33HF・Py, Pyridine
THF, 0℃, 5h (4 cycles)
68
70%





THF, r.t., 6 h
TsOH・H2O (0.2 eq.)
EtOH / H2O = 10 / 1
40 ℃, 8.5 h
TBSCl (2.5 eq.)
imidazole (3.0 eq.)
































Scheme 6. Synthesis of glycerol 68
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セタールの脱保護を行うことでジオール 62 を合成し、続けて TBS 保護を行うことで
保護体 63 を収率 93%で合成することができた。その後、保護体 63 に対して nBuLi を
作用させてアルキニルエーテルへと変換した後に塩基性条件下でヨウ化アルキルを作
用させることでアルキルニルエーテル 65 を合成した。ここで、水素添加によりアルキ
ンをアルケンへと還元しビニルエーテル 66 を収率 90%で合成した。次にビニルエーテ
ル 66 に対してシモンズ・スミス反応によってシクロプロパンの構築を行い、シクロプ
ロピルエーテル 67 を収率 88%で得ることができた[15]。最後にフッ化水素・ピリジン錯
体を用いて１級ヒドロキシ基のTBS基のみを選択的に脱保護することで収率 70%にて
グリセロール 68 を合成した。 
 ここでシクロプロピルエーテル基の安定性の確認を行った。安定性の確認を行うにあ







リン酸エステル部位の保護基を脱保護に強酸性条件が必要な Boc 基と tBu 基から



































基、イソプロピル基、tert-ブチル基を有するアルコールを用いても目的物 70c, 70d, 
70e を収率良く合成することができた（Table 1, Entries 3 and 4）。 
 次にリン酸ジアルキルトリフルオロエチル 70c, 70d, 70e を用いてグリセロール 68


















































Entry R3, R4 tBuOLi (eq.)Allyl alcohol (eq.) Yiled (%)
1 Me, Me 1.05 1.05 0
4 iPr , H 1.2 1.2 82
5 tBu, H 1.2 1.2 80































まず、アリル位にメチル基を有するリン酸エステル 70c とグリセロール 68 を用いてエ
ステル交換反応を行った。その結果、目的のリン酸トリエステルを収率 76%で得るこ
とができた（Table 2, Entry 1）。次にアリル位にイソプロピル基を有するリン酸エス
テル 70d とグリセロール 33 を用いて Entry 1 と同じ反応条件でエステル交換反応を
行ったところ、収率は低下したが目的のリン酸トリエステル 71b を合成することがで
きた（Table 1, Entry 2）。最後にアリル位に tert-ブチル基を有するリン酸エステル 70e
を用いてエステル交換反応を行ったところ、グリセロール 33, 68 いずれのグリセロー
ルを用いても目的のリン酸トリエステル 71c, 71d を合成することに成功した（Table 
1, Entries 3 and 4）。 



























Entry tBuOLi (eq.) Temp. Time70 (R) Yield (%)
2 70d (iPr) 1.0 r.t. 19 h 58
3 70e (tBu) 2.2 0℃ 10 h 52












2.2 0℃ 10 h 71d 6870e (tBu)4






































































（Table 3, continued） 
はじめにリン酸トリエステル 71a を用いてTBS基の脱保護を行ったが、目的物の収率
は低く、分離が困難な副生生物が得られる結果となった（Table 3, Entry 1）。次にリ
ン酸トリエステル 71b を用いて反応を行ったところ、目的の脱保護体を収率 78%で得
ることができた（Table 3, Entry 2）。一方、反応時間を長くすると分解反応も進行し、
収率が低下した（Table 3, Entry 3）。また、リン酸トリエステル 71c, 71d を用いた



























































































脂質 74 の合成を行った（Scheme 7）。 
 
まず、Table 3 で合成した脱保護体 72d に対して不飽和脂肪酸を縮合させてグリセロ









































THF, r.t., 12 h
(1.0 eq.)
EDC (2.0 eq.), DMAP (1.0 eq.)





























































EtOH, 0 ℃, 20 min.






(A) (B) 標的タンパク質 
⇒標的タンパク質を決定 標的ではないタンパク質 
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（Scheme 8, continued） 
 






の長鎖アルコール 83 の合成に成功した。 
次に合成した長鎖アルコール 83 を用いて活性評価を行った。プラズマローゲンの生
合成において、fatty acyl-CoA reductase 1 (Far1)はプラズマローゲンの生合成に必須
の長鎖アルコール合成酵素として知られている。また、Far1 はプラズマローゲンが存
在することで減少することも知られている。これらの知見を基に今回、細胞内に長鎖ア




ある。アルコール 84 を用いた評価では Far1 の減少が確認できたことから、アルコー




























Me3N+C16H33 Br- (0.5 eq.)
NH3, r.t., 24 h
























































General. All reactions were performed under a nitrogen atmosphere with magnetic stirring. 
Column chromatography on silica gel was performed with Fuji Silysia BW-127ZH. Preparative 
TLC was performed on Wakogel B-5F/TLC-cards (20 2́0 0́.7 cm). Materials were purchased from 
commercial suppliers (Aldrich, TCI, Kanto) and used without further purification. Organic 
solvents were purified and dried by standard procedures. 
NMR spectra were recorded on a Bruker spectrometer Avance III HD 500 at 500 MHz (1H NMR), 
126 MHz (13C NMR), 202 MHz (31P NMR), and 470 MHz (19F NMR). In CDCl3, 
tetramethylsilane (0.00 ppm) was used as an internal standard in 1H NMR, whereas the middle 
line of the solvent signal (77.0 ppm) was used in 13C NMR. 85% H3PO4 (0.0 ppm) was used as 
external standard in 31P NMR. Hexafluorobenzene (0.0 ppm) was used as internal standard in 19F 
NMR. ESI-MS was recorded on JEOL AccuTOF JMS-T100 LC mass spectrometer. Infrared 





To a suspension of t-BuOK (2.2 g, 20 mmol) in toluene (13 ml) was added a toluene solution (10 
ml) of (R)-5 (1.3 mg, 10 mmol) at 0℃. The mixture was stirred for 1 h at room temperature, 
treated with a toluene solution (10 ml) of 1-bromooctadecane (6.7 g, 20 mmol), and warmed to 
100℃. After stirred for 2 h, at which point TLC (AcOEt / Hexane = 2 / 1) indicated complete 
consumption of (R)-5, the reaction mixture was quenched by addition of saturated NH4Cl aqueous 
solution at 0°C. The mixture was diluted with ethyl Et2O, washed with water and brine, dried over 
Na2SO4, and concentrated in vacuo. The residue was purified by column chromatography (AcOEt 





(R) - 5 2996%
O
O
OH C20H41Br (2.0 eq.)
tBuOK (2.0 eq.)
Toluene, 100℃, 2 h
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1H NMR (500 MHz, CDCl3) δ 4.28-4.23 (m, 1H), 4.06 (dd, J = 8.2, 6.4 Hz, 1H), 3.73 (dd, J = 
8.3, 6.4 Hz, 1H), 3.53-3.41 (m, 4H), 1.59-1.54 (m, 2H), 1.42 (s, 3H), 1.36 (s, 3H), 1.25 (m, 30H), 
0.88 (t, J = 7.0 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 109.33, 74.76, 71.89, 71.82, 66.95, 31.92, 29.69, 29.65, 29.59, 
29.55, 29.45, 29.35, 26.77, 26.05, 25.42, 22.68, 14.10. 
IR (ATR) 2915, 2847, 1463, 1368, 1214, 1122, 1078, 1040, 957, 844, 788, 721 cm-1. 
MS (ESI) m/z 407 (M+Na)+ 




To a solution of glycerol 29 (3.89 g, 10.1 mmol) in MeOH (40 ml) was added p-toluene 
sulfonic acid monohydrate (397 mg, 2.0 mmol). After stirred for 10 h at room temperature, 
the reaction was quenched by addition of Et3N (0.6 ml). The mixture was concentrated in vacuo. 
The residue was purified by column chromatography on silica (hexane / ethyl acetate = 1 / 4) to 
give a diol 30 as a white powder (3.25 g, 93%).  
(S)-3-(octadecyloxy)propane-1,2-diol (30) 
1H NMR (500 MHz, CDCl3) δ 3.88-3.84 (m, 1H), 3.74-3.70 (m, 1H), 3.67-3.63 (m, 1H), 3.55-
3.43 (m, 4H), 2.67 (d, J = 5.1 Hz, 1H), 2.25 (d, J = 7.0, 5.2 Hz, 1H), 1.59-1.55 (m, 2H), 1.26 
(m, 30H), 0.88 (t, J = 6.9 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 72.50, 71.85, 70.42, 64.29, 31.91, 29.68, 29.64, 29.59, 29.57, 
29.44, 29.34, 26.07, 22.67, 14.09. 
IR (ATR) 3385, 3317, 3241, 2918, 2847, 1458, 1400, 1328, 1202, 1125, 1085, 1042, 915, 870, 
725 cm-1. 
MS (ESI) m/z 367 (M+Na)+ 

















To a solution of diol 30 (1.36 g, 4.0 mmol) and pyridine (1.0 ml, 12 mmol) in CH2Cl2 (40 
ml) was added pivaloyl chloride (0.5 ml, 4.2 mmol) at 0 °C under N2. After stirred for 15 h 
at room temperature, the reaction was quenched by addition of phosphate buffer (pH=7) at 0 °C. 
The mixture was extracted with ethyl acetate. The combined extracts were successively washed 
with water and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by 
column chromatography on silica (hexane / ethyl acetate = 4 / 1) to give pivaloate 31 as white 
wax. 
(R)-2-hydroxy-3-(octadecyloxy)propyl pivalate (31) 
1H NMR (500 MHz, CDCl3) δ 4.18-4.11 (m, 2H), 4.02-3.67 (m, 1H), 3.51-3.41 (m, 4H), 2.47 
(d, J = 4.8 Hz, 1H), 1.57 (quin, J = 6.8 Hz, 2H), 1.25 (m, 30H), 1.22 (s, 9H), 0.88 (t, J = 7.0 Hz, 
3H). 
13C NMR (126 MHz, CDCl3) δ 178.60, 71.74, 71.39, 68.94, 65.41, 38.83, 31.90, 29.68, 29.65, 
29.60, 29.58, 29.45, 29.34, 27.16, 26.06, 22.67, 14.09. 
IR (ATR) 3475, 2921, 2852, 1732, 1459, 1397, 1365, 1283, 1158, 1119, 1035, 991, 938, 
857, 757, 721 cm-1. 
MS (ESI) m/z 451 (M+Na)+ 
HRMS (ESI) calcd for C26H52Na1O4 (M+Na)+ 451.37633, found 451.37666. 
White wax 
 
To a solution of 31 (1.2 g, 2.8 mmol) and imidazole (571 mg, 8.4 mmol) in THF (8 ml) was added 
TBSCl (840 mg, 5.6 mmol) at 0℃. After stirred for 20 h at room temperature under N2, the 
reaction mixture was quenched by addition of phosphate buffer (pH=7) at 0 °C. The mixture was 
extracted with ethyl acetate. The combined extracts were successively washed with water and 
brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / ethyl acetate = 20 / 1) to give pivaloate 32 as colorless oil. 
PivCl (1.05 eq.)
Pyridine (3.0 eq.)























(R)-2-((tert-butyldimethylsilyl)oxy)-3-(octadecyloxy)propyl pivalate (32) 
1H NMR (500 MHz, CDCl3) δ 4.17-4.13 (m, 1H), 4.00-3.95 (m, 2H), 3.42 (dt, Jd = 1.3 Hz, Jt = 
6.7 Hz, 2H), 3.39 (d, J = 5.6 Hz, 2H), 1.54 (quin, J = 7.0 Hz, 2H), 0.89-0.86 (m, 12H), 0.087 (, 
6H). 
13C NMR (126 MHz, CDCl3) δ 178.39, 72.44, 71.75, 69.71,66.19, 38.77, 31.92, 29.69, 29.66, 
29.61, 29.59, 29.47, 29.35, 27.24, 26.10, 25.72, 22.68, 18.04, 14.10, -4.66, -4.83. 
IR (ATR) 2922, 2852, 1733, 1462, 1396, 1362, 1282, 1251, 1119, 1004, 831, 776, 721 cm-1. 
MS (ESI) m/z 565 (M+Na)+ 




To a solution of 32 (3.16 g, 5.82 mmol) in toluene (23 ml) was added 12.7 ml of 1.01 M toluene 
solution of DIBAL-H (12.8 mmol) at -78°C. After stirred for 2.5 h, the reaction mixture was 
quenched by addition of 30% potassium sodium tartrate aqueous solution and warmed to 0℃. 
After stirred for 30 min, the mixture was extracted with AcOEt. The combined extracts were dried 
over Na2SO4, and concentrated in vacuo. The residue was purified by column chromatography on 
silica (hexane / ethyl acetate = 9 / 1) to give 33 (2.27 g, 85%) as colorless oil. 
(S)-2-((tert-butyldimethylsilyl)oxy)-3-(octadecyloxy)propan-1-ol (33) 
1H NMR (500 MHz, CDCl3) δ 3.90-3.86 (m, 1H), 3.66-3.62 (m, 1H), 3.60-3.55 (m, 1H), 3.44-
3.89 (m, 4H), 2.14 (dd, J = 7.5, 5.1 Hz, 1H), 1.55 (quin, J = 7.1 Hz, 2H), 1.25 (m, 30H), 0.90 
(m, 12H), 0.099 (s, 3H), 0.096 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 72.78, 71.79, 71.17, 65.12, 31.92, 29.69, 29.65, 29.60, 29.58, 
29.46, 29.35, 26.10, 25.79, 22.68, 18.10, 14.11, -4.60, -4.88. 
IR (ATR) 3442, 2922, 2852, 1463, 1251, 1115, 1048, 1004, 834, 777, 720 cm-1. 
MS (ESI) m/z 481 (M+Na)+ 















To a toluene solution (10 mL) of 33 (2.8 g, 7.4 mmol) added a 1M hexane solution lithium of 
tert-butoxide (12 mL, 12 mmol) at 0°C. After stirred for 1 h at 0°C, the reaction mixture was kept 
at 0°C and a toluene solution (10 mL) of dialkyl 2,2,2- trifluoroethyl phosphate 3a (2.81 mg, 7.42 
mmol) was added to the mixture at 0°C. After being stirred for 15 h at 0°C, the reaction was 
quenched by addition of phosphate buffer (pH 7). The mixture was diluted with AcOEt, washed 
with H2O and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by 
column chromatography on silica (hexane / ethyl acetate = 3 / 1) to give 34 as a diastereomer 
mixture (3.3 g, 91 %, colorless oil). 
tert-Butyl (2-((tert-butoxy((R)-2-((tert-butyldimethylsilyl)oxy)-3-
(octadecyloxy)propoxy)phosphoryl)oxy)ethyl)carbamate (34) 
1H NMR (500 MHz, CDCl3) δ 5.15 (br, 1H), 4.06-4.01 (m, 3H), 3.99-3.95 (m, 1H), 3.93-3.88 (m, 
1H), 3.43-3.37 (m, 6H), 1.57-1.53 (m, 2H), 1.503 (s, 9H, the other diastereomer), 1.502 (s, 9H, 
one diastereomer), 1.25 (m, 30H), 0.89 (s, 9H), 0.88 (t, J = 6.8 Hz, 3H), 0.10 (s, 3H, the other 
diastereomer), 0.094 (s, 3H, one diastereomer), 0.089 (s, 9H). 
13C NMR (126 MHz, CDCl3) δ 155.80, 83.38 (d, J = 7.5 Hz, one diastereomer), 83.32 (d, J = 8.2 
Hz), 79.38, 71.92 (d, J = 4.2 Hz), 71.77, 70.53 (d, J = 8.7 Hz), 68.63 (d, J = 6.2 Hz), 66.58, 40.96 
(d, J = 5.9 Hz), 31.90, 29.82, 29.80,29.78, 29.77, 29.66, 29.64, 29.61, 29.60, 29.48, 29.34, 28.37, 
26.10, 25.75, 22.67, 18.13, 14.09, -4.76. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -4.66 (one diastereomer), -4.75 
(the other diastereomer). 
IR (ATR) 3312, 2920, 2850, 1711, 1529, 1471, 1392, 1365, 1247, 1156, 1117, 1036, 996, 829, 
778 cm-1 
MS (ESI) m/z 760 (M+Na)+ 











BocHN (1. 5 eq.)
tBuOLi (2.5 eq.)












To a THF solution (13 mL) of dinucleotide 34 (980 mg, 1.33 mmol) and triethylamine (3 mL, 13 
mmol) was added triethylamine trihydrofluoride (3HF•Et3N) (2.2 mL, 13 mmol) at room 
temoerature and heated to 40°C. After stirred for 18 h, the reaction mixture was cooled to 0℃ 
and quenched by addition of saturated sodium bicarbonate aqueous solution. The mixture was 
extracted with CHCl3. The combined extracts were washed with brine, dried over Na2SO4, and 
concentrated in vacuo. The residue was purified by column chromatography on silica (CHCl3 / 
MeOH = 9/1+1% of Et3N) to give 35 as a diastereomer mixture (1.25 g, 94 %). 
tert-Butyl (2-((tert-butoxy((R)-2-hydroxy-3-
(octadecyloxy)propoxy)phosphoryl)oxy)ethyl)carbamate (35) 
1H NMR (500 MHz, CDCl3) δ 5.17 (br, 1H), 4.14-3.97 (m, 5H), 3.48 (d, J = 5.3 Hz, 2H), 3.45 (t, 
J = 6.7 Hz, 2H), 3.41 (d, J = 3.41 Hz, 2H), 1.59-1.53 (m, 2H), 1.51 (s, 9H), 1.44 (s, 9H), 1.25 (m, 
30H), 0.88 (t, J = 6.9 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 155.81, 83.96 (d, J = 6.3 Hz, one diastereomer), 83.91 (d, J = 6.1 
Hz, the other diastereomer), 79.50, 71.78, 70.82, 69.47-69.40 (m), 68.83 (d, J = 5.8 Hz), 66.78 (d, 
J = 6.6 Hz), 40.90 (d, J = 6.9 Hz), 31.90, 29.79, 29.76, 29.68, 29.60, 29.58, 29.46, 29.33, 28.36, 
26.06, 22.66, 14.09. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -3.90. 
MS (ESI) m/z 646 (M+Na)+ 




To a solution of CH2Cl2 (6 ml) solution of 35 (173 mg, 0.28 mmol), DHA (92 mg, 0.28 mmol) 


























EDC (2.0 eq.), DMAP (1.0 eq.)













After stirred for 3.5 h at room temperature under N2, the reaction mixture was diluted with ethyl 
acetate and then washed with water. The organic layer was dried over Na2SO4, filtered, and 
concentrated in vacuo. The residue was purified by column chromatography (ethyl acetate / 




1H NMR (400 MHz, CDCl3) δ 5.40-5.28 (m, 12H), 5.18-5.13 (m, 2H), 4.21-4.10 (m, 2H), 4.09-
4.05 (m, 2H), 3.55 (d, J = 6.6 Hz, 2H), 3.47-3.40 (m, 4H), 2.86-2.80 (m, 10H), 2.41-2.40 (m, 
4H), 1.55-1.52 (m, 2H), 1.502 (s, 9H, one diastereomer), 1.496 (s, 9H, the other diastereomer), 
1.44 (s, 9H), 1.25 (m, 30H), 0.97 (t, J = 9.4 Hz, 3H), 0.88 (t, J = 8.5 Hz, 3H). 
 
 
To a solution of CH2Cl2 (3 ml) solution of 35 (187 mg, 0.30 mmol), DHA (100 mg, 0.33 mmol) 
and DMAP (37 mg, 0.30 mmol) was added EDC・HCl (115 mg, 0.60 mmol) at room temperature. 
After stirred for 20 h at room temperature under N2, the reaction mixture was diluted with ethyl 
acetate and then washed with water. The organic layer was dried over Na2SO4, filtered, and 
concentrated in vacuo. The residue was purified by column chromatography (ethyl acetate / 
hexane = 1 / 2) to give the target product 36b as a colorless oil (250 mg, 92 %). 
(2R)-1-((tert-butoxy(2-((tert-butoxycarbonyl)amino)ethoxy)phosphoryl)oxy)-3-
(octadecyloxy)propan-2-yl (5Z,8Z,11Z,14Z,17Z)-icosa-5,8,11,14,17-pentaenoate (36b) 
1H NMR (500 MHz, CDCl3) δ 5.43-5.29 (m, 10H), 5.16 (quin, J = 5.0 Hz, 1H), 5.16 (br, 1H), 
4.21-4.16 (m, 1H), 4.14-4.10 (m, 1H), 4.05 (m, 2H), 3.55 (d, J = 5.3 Hz, 2H), 3.45-3.38 (m, 4H), 
2.85-2.79 (m, 8H), 2.35 (t, J = 7.6 Hz, 2H), 2.14-2.05 (m, 4H), 1.74-1.68 (m 2H), 1.56-1.52 (m, 
2H), 1.502 (s, 9H, one diastereomer), 1.495 (s, 9H, the other diastereomer), 1.25 (m, 30H), 0.98 
(t, J = 7.7 Hz, 3H), 0.88 (t, J = 7.0 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 172.83, 155.80, 132.01, 128.87, 128.56, 128.26, 128.17, 128.06, 
127.85, 126.99, 83.76 (d, J = 10.1 Hz), 79.42, 71.80, 70.75 (d, J = 8.3 Hz), 68.35, 66.69, 65.46 










EDC (2.0 eq.), DMAP (1.0 eq.)











(d, J = 5.7 Hz), 40.95, 33.67, 31.90, 29.77, 29.74, 29.68, 29.63, 29.61, 29.54, 29.47, 29.34, 28.37, 
22.67, 20.63, 14.25, 14.09. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -4.73 (one diastereomer), -4.82 
(the other diastereomer). 
IR (ATR) 3313, 3011, 2922, 2852, 1736, 1714, 1508, 1457, 1366, 1171, 864, 698 cm-1 
MS (ESI) m/z 931 (M+Na)+ 




To a solution of CH2Cl2 (3 ml) solution of 35 (187 mg, 0.30 mmol), DHA (100 mg, 0.33 mmol) 
and DMAP (37 mg, 0.30 mmol) was added EDC・HCl (115 mg, 0.60 mmol) at room temperature. 
After stirred for 20 h at room temperature under N2, the reaction mixture was diluted with ethyl 
acetate and then washed with water. The organic layer was dried over Na2SO4, filtered, and 
concentrated in vacuo. The residue was purified by column chromatography (ethyl acetate / 
hexane = 1 / 2) to give the target product 36c as a colorless oil (260 mg, 95 %). 
(2R)-1-((tert-butoxy(2-((tert-butoxycarbonyl)amino)ethoxy)phosphoryl)oxy)-3-
(octadecyloxy)propan-2-yl (5Z,8Z,11Z,14Z)-icosa-5,8,11,14-tetraenoate (36c) 
1H NMR (500 MHz, CDCl3) δ 5.43-5.31 (m, 8H), 5.16 (quin, J = 4.9 Hz, 1H), 5.16 (br, 1H), 4.21 
(m, 1H), 4.14-4.09 (m, 1H), 4.07-4.02 (m, 2H), 3.55 (d, J = 5.3 Hz, 2H), 3.47-3.38 (m, 5.3 Hz), 
2.85-2.79 (m, 6H), 2.35 (t, J = 7.6 Hz), 2.12 (q, J = 7.0 Hz, 2H), 2.06 (q, J = 7.1 Hz, 2H), 1.74-
1.67 (m, 2H), 1.56-1.54 (m, 2H), 1.502 (s, 9H, one diastereomer), 1.496 (s, 9H, the other 
diastereomer), 1.39-1.25 (m, 38H), 0.90-0.87 (m, 6H). 
13C NMR (126 MHz, CDCl3) δ 172.83, 155.79, 130.48, 128.90, 128.84, 128.58, 128.24, 128.12, 
127.83, 127.52, 83.77 (d, J = 9.6 Hz), 79.43, 71.80, 70.75 (d, J = 7.9 Hz), 68.35, 66.71, 65.46 (d, 
J = 5.5 Hz), 40.95, 33.67, 31.91, 31.50, 29.77, 29.74, 29.69, 29.64, 29.61, 29.55, 29.47, 29.34, 
28.37, 27.30, 26.49, 26.03, 25.60, 24.75, 22.67, 22.55, 14.10, 14.05. 











EDC (2.0 eq.), DMAP (1.0 eq.)











31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -4.75 (one diastereomer), -4.84 
(the other diastereomer). 
IR (ATR) 3321, 2922, 2853, 1736, 1714, 1517, 1457, 1366, 1250, 1172, 1000, 865, 779 cm-1 
MS (ESI) m/z 933 (M+Na)+ 




To a dichloromethane solution (2 ml) of trialkyl phosphate 36a (182 mg, 0.2 mmol) was 
added trifluoroacetic acid (2 ml) at room temperature. After stitted for 1 h at room 
temperature, the reaction mixture was concentrated in vacuo to give desired phospholipid 




1H NMR (500 MHz, CDCl3) δ 8.14 (br, 3H), 5.41-5.28 (m, 12H), 5.16 (br, 1H), 4.10-3.90 (m, 
4H), 3.51-3.39 (m, 4H), 3.18 (br, 2H), 2.83-2.81 (m, 10H), 2.38 (m, 4H), 2.07 (t, J = 7.3 Hz, 
2H), 1.51 (br, 2H), 1.24 (m, 30H), 0.97 (t, J = 7.5 Hz, 3H), 0.87 (t, J = 0.88 Hz, 3H). 
MS (pos.Esi) m/z 778 [M+H-CF3CO2H]+. 












37a : R =
6
94%


















To a dichloromethane solution (2 ml) of trialkyl phosphate 36b (110 mg, 0.12 mmol) was 
added trifluoroacetic acid (2 ml) at room temperature. After stitted for 3 h at room 
temperature, the reaction mixture was concentrated in vacuo to give desired phospholipid 
37b (105 mg, quant.) as a yellow oil. 
2-((hydroxy((R)-2-(((5Z,8Z,11Z,14Z,17Z)-icosa-5,8,11,14,17-pentaenoyl)oxy)-3-
(octadecyloxy)propoxy)phosphoryl)oxy)ethan-1-aminium 2,2,2-trifluoroacetate (37b) 
1H NMR (500 MHz, CDCl3) δ 9.66 (br, 1H), 8.09 (br, 3H), 5.40-5.28 (m, 10H), 5.14 (br, 1H), 
4.13 (br, 2H), 4.04-3.98 (m, 2H), 3.53 (d, J = 4.7 Hz, 2H), 3.45-3.36 (m, 2H), 3.21 (br, 2H), 2.84-
2.78 (m, 8H), 2.34 (t, J = 7.6 Hz, 2H), 2.12-2.04 (m, 4H), 1.71-1.64 (m 2H), 1.53-1.51 (m, 2H), 
1.25 (m, 30H), 0.97 (t, J = 7.5 Hz, 3H), 0.88 (t, J = 6.9 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 173.48, 132.00, 128.87, 128.80, 128.56, 128.27, 128.19, 128.15, 
128.04, 128.84, 127.84, 126.99, 71.84, 71.37 (d, J = 7.2 Hz), 68.70, 65.25, 62.45, 40.38, 33.72, 
31.91, 29.72, 29.70, 29.65, 29.52, 29.51, 29.35, 26.44, 25.98, 25.59, 25.56, 25.51, 24.77, 22.67, 
20.53, 14.24, 14.09. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -0.27 
MS (ESI) m/z 753 (M+H-CF3CO2H)+ 




To a dichloromethane solution (2 ml) of trialkyl phosphate 36c (260 mg, 0.29 mmol) was 






















































temperature, the reaction mixture was concentrated in vacuo to give desired phospholipid 
37c (249 mg, quant.) as a yellow oil. 
2-((hydroxy((R)-2-(((5Z,8Z,11Z,14Z)-icosa-5,8,11,14-tetraenoyl)oxy)-3-
(octadecyloxy)propoxy)phosphoryl)oxy)ethan-1-aminium 2,2,2-trifluoroacetate (37c) 
1H NMR (500 MHz, CDCl3) δ 11.31 (br, 1H), 5.41-5.31 (m, 8H), 5.16-5.15 (m, 1H), 4.17 (br, 
2H), 4.07-4.00 (m, 2H), 3.54 (d, J = 4.9 Hz, 2H), 3.45-3.39 (m, 2H), 3.27 (br), 2.84-2.78 (m, 6H), 
2.35 (t, J = 7.4 Hz, 2H), 2.10 (q. J = 7.1 Hz, 2H), 2.05 (q. J = 7.2 Hz, 2H), 1.69-1.66 (m, 2H), 
1.54-1.51 (m, 2H), 1.39-1.25 (m, 38H), 0.90-0.86 (m, 6H). 
13C NMR (126 MHz, CDCl3) δ 173.80, 130.48, 128.96, 128.71, 128.61, 128.29, 128.07, 127.80, 
127.51, 71.92, 71.34 (d, J = 6.8 Hz), 68.59, 65.54 (d, J = 6.5 Hz), 62.45, 40.55 (d, J = 4.6 Hz), 
33.71, 31.50, 29.65, 29.64, 29.47, 29.45, 29.35, 29.31, 27.19, 26.41, 25.94, 25.61, 25.68, 25.56, 
24.73, 14.09, 14.03. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -0.53 
MS (ESI) m/z 755 (M+H-CF3CO2H)+ 





To a solution of phosphatidyl ethanolamine 37a (261 mg, 0.34 mmol) in CH2Cl2 (1.93 
ml) and i-PrOH (2.40 ml) was added potassium carbonate (233 mg, 1.68 mmol) in H2O 
(1.08 ml) and dimethyl sulfate (221 mg, 1.75 mmol) in i-PrOH (3.18 ml). After stirred 
for 1.5 h at 40℃, the reaction mixture was diluted with CHCl3, then filtered on Celite and 
rinsed with CHCl3. The filtrate was concentrated in vacuo. The residue was purified by column 
chromatography on silica (CHCl3 / MeOH / H2O = 12 / 6 / 1) to give phosphatidyl choline 38 (76 
mg, 83 %) as a yellow oil. 
(R)-2-(((4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenoyl)oxy)-3-
(octadecyloxy)propyl (2-(trimethylammonio)ethyl) phosphate (38) 
(MeO)2SO2 (5.2 eq.)
K2CO3 (5.0 eq.)
iPrOH / CH2Cl2 / H2O





















1H NMR (500 MHz, CDCl3) δ 5.40-5.28 (m, 12H), 5.17-5.13 (m, 1H), 4.31 (br, 2H), 4.00-3.91(m, 
2H), 3.79 (br, 2H), 3.61-3.52 (m, 2H), 3.44-3.39 (m, 2H), 3.37 (s, 9H), 2.85-2.80 (m, 10H), 2.41-
2.36 (m, 4H), 2.08 (quin, J = 7.3 Hz, 2H), 1.52-1.50 (m, 2H), 1.31-1.25 (m, 30H), 0.97 (t, J = 7.5 
Hz, 3H), 0.88 (t, J = 6.9 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 172.84, 132.06, 128.60, 128.32, 128.09, 128.07, 128.98, 128.87, 
127.02, 72.4(d, J = 7.4 Hz), 71.70, 69.42, 66.65, 63.90 (d, J = 5.2 Hz), 59.17 (d, J = 4.5 Hz), 
54.62, 34.30, 31.94, 29.75, 29.70, 29.69, 29.57, 29.39, 26.08, 25.64, 25.61, 25.56, 22.71, 20.58, 
14.31, 14.15. 





A solution of 8-bromooctanoic acid 40 (5.0 g, 34 mmol) and 1-octanethiol 39 in EtOH (85 ml) 
was treated with KOH (3.8 g, 68 mmol) and the reaction mixture was warmed at reflux for 9 h. 
The reaction micture was cooled to 0℃, and quenched by addition of 6N HCl aqeous solution. 
The resulting mixture was concentrated in vacuo to remove EtOH and then diluted with CH2Cl2. 
The mixture was washed three times with H2O, dried over Na2SO4, filtered, and concentrated in 
vacuo. The residue was recrystallized from acetone to give 8-(octylthio)octanoic acid 41 (7.5 g, 
76 %) as a white solid. 
8-(octylthio)octanoic acid (41) 
1H NMR (500 MHz, CDCl3) δ 2.50 (t, J = 7.4 Hz, 4H), 2.35 (t, J = 7.5 Hz, 2H), 1.64 (quin, J = 
7.4 Hz, 2H), 1.57 (dq, Jd = 2.3, Jq = 7.4 Hz, 4H), 1.35 (m, 16H), 0.88 (t, J = 6.9 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 179.87, 33.94, 32.18, 32.09, 31.80, 29.70, 29.60, 29.20, 29.17, 
28.94, 28.90, 28.83, 28.68, 24.56, 22.63, 14.07. 
IR (ATR) 2952, 2917, 2850, 1687, 1459, 1429, 1408, 1353, 1327, 1292, 1256, 1200, 918, 762, 
724, 683 cm-1 
MS (Esi) m/z 311 (M+Na)+ 









+ KOH (2.0 eq.)






To a solution of 41 in toluene (25 ml) was added 70% toluene solution of Red-Al (12 ml) at 0℃. 
After stirred for 16 h at room temperature, the reaction mixture was cooled to 0℃ and quenched 
by addition of 1N HCl aqeous solution. After precipitate was filtered, the filtrate was concentrated 
in vacuo. The residue was purified by column chromatography on silica (Hexane / AcOEt = 2 / 
1) to give 42 (3 g, 80 %) as a white solid. 
8-(octylthio)octan-1-ol (42) 
1H NMR (500 MHz, CDCl3) δ 3.64 (t, J = 6.6 Hz, 2H), 2.50 (t, J = 7.3 Hz, 4H), 1.61-1.53 (m, 
6H), 1.42-1.22 (m, 19H), 0.88 (t, J = 7.0 Hz, 3H). 
13C NMR (500 MHz, CDCl3) δ 62.99, 32.74, 32.19, 32.15, 31.80, 29.71, 29.67, 29.26, 29.20, 
29.18, 28.94, 28.84, 25.66, 22.63, 14.07. 
IR (ATR) 3345, 3264, 2919, 2848, 1459, 1378, 1278, 1225, 1189, 1130, 1050, 1021, 978, 748, 
724 cm-1. 
 MS (ESI) m/z 279 (M+Na)+. 




To a solution of TsCl (3g, 16 mmol), Et3N (3.5 ml, 24 mmol), 2M THF solution of Me3N (0.4 
ml) in THF (20 ml) was added a THF solution (5 ml) of 42 (2.2 g, 8 mmol) at 0℃. After stirred 
for 5 h at room temperature, the reaction mixture was cooled to 0℃ and quenched by addition of 
phosphate buffer (pH 7). The mixture was extracted with Et2O. The combined extracts were 
washed with aqueous brine, dried over Na2SO4, and concentrated in vacuo. The residue was 
purified by column chromatography on silica (hexane / ethyl acetate = 9 / 1) to give 43 (3.1 g, 
90 %) as white solid. 
8-(octylthio)octyl 4-methylbenzenesulfonate (43) 
1H NMR (500 MHz, CDCl3) δ 4.26 (quin, J = 6.0 Hz, 1H), 4.06 (dd, J = 8.2, 6.4 Hz, 2H), 3.73 
(dd, J = 8.2, 6.4 Hz, 1H), 3.53-3.40 (m, 4H), 2.50 (t, J = 7.5 Hz, 4H), 1.61-1.53 (m, 6H), 1.42 (s, 













THF, r.t., 5 h C8H17SC8H16OTs43
98%
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13C NMR (126 MHz, CDCl3) δ 109.32, 74.74, 71.81, 66.92, 32.19, 32.15, 31.81, 29.72, 29.69, 
29.52, 29.32, 29.21, 29.18, 28.95, 28.87, 26.76, 25.98, 25.41, 22.64,14.08. 
IR (ATR) 2923, 2853, 1457, 1378, 1255, 1212, 1117, 1054, 845, 723 cm-1. 
MS (ESI) m/z 411 (M+Na)+. 




tBuOK (862 mg, 7.7 mmol) was dissolved in DMF (3.5 ml) and cooled to 0℃, then treated with 
a THF solution (3.5 ml) of (R)-5 (925 mg, 7mmol). After stirred for 1 h, the reaction mixture was 
treated with a THF solution (3.5 ml) of 43 (3 g, 7.7 mmol) and warmed at reflux for 12 h. The 
reaction mixture was cooled to 0℃ and quenched by addition of phosphate buffer (pH 7). The 
mixture was extracted with AcOEt. The combined extracts were washed with aqueous brine, dried 
over Na2SO4, and concentrated in vacuo. The residue was purified by column chromatography on 
silica (hexane / ethyl acetate = 10 / 1) to give 44 (2.5 g, 92 %) as colorless oil. 
(R)-2,2-dimethyl-4-(((8-(octylthio)octyl)oxy)methyl)-1,3-dioxolane (44) 
1H NMR (500 MHz, CDCl3) δ 4.26 (quin, J = 6.0 Hz, 1H), 4.06 (dd, J = 8.2, 6.4 Hz, 2H), 3.73 
(dd, J = 8.2, 6.4 Hz, 1H), 3.53-3.40 (m, 4H), 2.50 (t, J = 7.5 Hz, 4H), 1.61-1.53 (m, 6H), 1.42 (s, 
3H), 1.36 (s, 3H), 1.40-1.24 (m, 18H), 0.88 (t, J = 7.0 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 109.32, 74.74, 71.81, 66.92, 32.19, 32.15, 31.81, 29.72, 29.69, 
29.52, 29.32, 29.21, 29.18, 28.95, 28.87, 26.76, 25.98, 25.41, 22.64,14.08. 
IR (ATR) 2923, 2853, 1457, 1378, 1255, 1212, 1117, 1054, 845, 723 cm-1. 
MS (ESI) m/z 411 (M+Na)+. 




C8H17SC8H16OTs (1.0 eq.)tBuOK (1.1 eq.)













To a solution of glycerol 44 (2.4 g, 6.0 mmol) in EtOH (12 ml) and H2O (1.2 ml) was 
added p-toluene sulfonic acid monohydrate (114 mg, 0.6 mmol). After stirred for 10 h at 
reflux, the reaction was quenched by addition of Et3N (0.4 ml). The mixture was concentrated in 
vacuo. The residue was purified by column chromatography on silica (hexane / ethyl acetate = 1 
/ 3) to give a diol 45 as a white solid (1.8 g, 86%).  
(S)-3-((8-(octylthio)octyl)oxy)propane-1,2-diol (45) 
 1H NMR (500 MHz, CDCl3) δ 3.89-3.83 (m, 1H), 3.72 (ddd, J = 11.3, 7.2, 4.0 Hz, 1H), 3.65 
(dt, Jd = 11.3 Hz, Jt =5.2 Hz, 1H), 3.53 (dd, J = 9.8, 4.0 Hz, 1H), 3.50 (dd, J = 9.8, 6.1 Hz, 1H), 
3.48-3.44 (m, 2H), 2.67 (d, J = 4.9 Hz, 1H), 2.50 (t, J = 7.5 Hz, 4H), 2.26 (dd, J = 7.1, 5.2 Hz, 
1H), 1.61-1.53 (m, 6H), 1.41-1.22 (m, 18H), 0.88 (t, J = 7.0 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 72.48, 71.77, 70.40, 64.26, 32.19, 32.15, 31.80, 29.71, 29.66, 
29.52, 29.28, 29.20, 29.18, 29.15, 28.94, 28.84, 26.00, 22.63, 14.07. 
IR (ATR) 3388, 3308, 3226, 2919, 2849, 1459, 1437, 1123, 1085, 1033, 871, 727 cm-1. 
MS (ESI) m/z 371 (M+Na)+. 




To a solution of diol 45 (500 g, 1.4 mmol) and pyridine (0.35 ml, 4.2 mmol) in CH2Cl2 
(14 ml) was added pivaloyl chloride (0.2 ml, 1.7 mmol) at 0 °C under N2. After stirred for 
27 h at room temperature, the reaction was quenched by addition of phosphate buffer (pH 7) at 
0 °C. The mixture was extracted with ethyl acetate. The combined extracts were successively 
washed with water and brine, dried over Na2SO4, and concentrated in vacuo. The residue was 
purified by column chromatography on silica (hexane / ethyl acetate = 4 / 1) to give pivaloate 46 
(500 mg, 83 %) as colorless oil. 


























 1H NMR (500 MHz, CDCl3) δ 4.16 (1H, dd, J = 11.3, 4.9 Hz), 4.13 (1H, dd, J = 11.7, 6.0 Hz), 
4.02-3.96 (1H, m), 3.49 (1H, dd, J = 9.6, 4.4 Hz), 3.49-3.43 (2H, m), 3.42 (1H, dd, J = 9.6, 6.3 
Hz), 2.50 (4H, t, J = 7.5 Hz), 2.49 (1H, s), 1.57 (6H, quint, J = 7.5 Hz), 1.41-1.23 (18H, m), 
1.22 (9H, s), 0.88 (3H, t, J = 7.0 Hz). 
13C NMR (126 MHz; CDCl3) δ 178.57, 71.66, 71.40, 68.92, 65.40, 38.81, 32.19, 32.15, 31.80, 
29.71, 29.67, 29.53, 29.30, 29.20, 29.17, 28.94, 28.85, 27.16, 25.99, 22.62, 14.07. 
IR (ATR) 3451, 2924, 2853, 1730, 1458, 1396, 1365, 1283, 1159, 1120, 1035 cm-1. 
MS (ESI) m/z 455 (M+Na)+. 




To a solution of 46 (2.1 g, 4.8 mmol) and imidazole (1.0 g, 14 mmol) in THF (15 ml) was added 
TBSCl (1.4 g, 9.6 mmol) at 0℃. After stirred for 15 h at room temperature under N2, the reaction 
mixture was quenched by addition of phosphate buffer (pH 7) at 0 °C. The mixture was extracted 
with ethyl acetate. The combined extracts were successively washed with water and brine, dried 
over Na2SO4, and concentrated in vacuo. The residue was purified by column chromatography on 
silica (hexane / ethyl acetate = 20 / 1) to give 47 (2.4 g, 96 %) as colorless oil. 
(R)-2-((tert-butyldimethylsilyl)oxy)-3-((8-(octylthio)octyl)oxy)propyl pivalate (47) 
1H NMR (500 MHz; CDCl3) δ 4.18-4.12 (m, 1H), 4.01-3.95 (m, 2H), 3.41 (dt, Jd = 1.6 Hz, Jt = 
6.6 Hz, 2H), 3.39 (d, J = 5.8 Hz, 1H), 2.50 (t, J = 7.5 Hz, 4H), 1.60-1.52 (m, 6H), 1.40-1.23 (m, 
18H), 1.21 (s, 9H), 0.88 (t, J = 6.9 Hz, 3H), 0.88 (s, 9H), 0.09 (s, 6H). 
13C NMR (126 MHz; CDCl3) δ 178.36, 72.45, 71.69, 69.69, 66.19, 38.77, 32.20, 32.18, 31.81, 
29.74, 29.72, 29.63, 29.35, 29.22, 29.19, 28.96, 28.89, 27.24, 26.05, 25.73, 22.64, 18.05, 14.08, 
-4.64, -4.82. 
IR (ATR) 2926, 2854, 1732, 1460, 1282, 1251, 1119, 1004, 831, 776 cm-1. 
MS (ESI) m/z 569 (M+Na)+. 














THF, r.t., 15 h
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To a solution of 47 (2.2 g, 4.0 mmol) in CH2Cl2 (30 ml) was added 12 ml of 1.0 M toluene solution 
of DIBAL-H (12 mmol) at -78°C. After stirred for 1 h, the reaction mixture was warmed to 0℃ 
and quenched by addition of NaOH aqeous solution (2 ml). After precipitate was filtered, the 
filtrate was concentrated in vacuo. The residue was purified by column chromatography on silica 
(hexane / ethyl acetate = 9 / 1) to give 48 (1.5 g, 82 %) as colorless oil. 
(S)-2-((tert-butyldimethylsilyl)oxy)-3-((8-(octylthio)octyl)oxy)propan-1-ol (48) 
 1H NMR (500 MHz, CDCl3) δ 3.91-3.86 (1H, m), 3.64 (1H, dt, Jd = 11.0 Hz, Jt = 4.9 Hz), 3.58 
(1H, ddd, J = 11.1, 7.5, 4.6 Hz), 3.45-3.39 (4H, m), 2.50 (4H, t, J = 7.5 Hz), 2.13 (1H, dd, J = 7.3, 
5.2 Hz), 1.61-1.52 (6H, m), 1.41-1.23 (18H, m), 0.90 (9H, s), 0.88 (3H, t, J = 7.0 Hz), 0.099 (3H, 
s), 0.096 (3H, s). 
13C NMR (126 MHz, CDCl3) δ 72.77, 71.71, 71.16, 65.09, 32.20, 32.16, 31.80, 29.73, 29.70, 
29.61, 29.31, 29.21, 29.18, 29.17, 28.95, 28.87, 26.03, 25.78, 22.63, 18.10, 14.07, -4.61, -4.88. 
IR (ATR) 2925, 2853, 1462, 1251, 1115, 1048, 1004, 834, 776, 722, 669 cm-1. 
MS (ESI) m/z 485 (M+Na)+. 




To a toluene solution (1 mL) of 48 (165 mg, 0.36 mmol) and DIA was added a 1.55 M hexane 
solution of n-BuLi (0.5 mL) at -78°C. After stirred for 1 h at 0°C, the reaction mixture was 
warmed to 0°C and added a toluene solution (1 mL) of dialkyl 2,2,2- trifluoroethyl phosphate 3a 
(162 mg, 0.43 mmol). After being stirred for 8 h at 0°C, the reaction was quenched by addition 
of phosphate buffer (pH 7). The mixture was extracted with ethyl acetate. The combined extracts 
were washed with aqueous brine, dried over Na2SO4, and concentrated in vacuo. The residue was 
DIBAL-H (3.0 eq.)
































purified by column chromatography on silica (hexane / ethyl acetate = 3 / 2) to give 49 as a 
diastereomer mixture (225 mg, 85 %, colorless oil). 
tert-Butyl (2-((tert-butoxy((R)-2-((tert-butyldimethylsilyl)oxy)-3-((8-
(octylthio)octyl)oxy)propoxy)phosphoryl)oxy)ethyl)carbamate (49) 
1H NMR (500 MHz, CDCl3) δ 5.18 (brs, 1H), 4.08-4.00 (m, 3H), 3.99-3.94 (m, 1H), 3.93-3.87 
(m, 1H), 3.43-3.36 (m, 6H), 2.50 (t, J = 7.5 Hz, 4H), 1.60-1.52 (m, 6H), 1.505 (s, one diastereomer, 
9H), 1.502 (s, the other diastereomer, 9H), 1.44 (s, 9H), 1.41-1.23 (m, 18H), 1.21 (s, 9H), 0.89 (s, 
9H), 0.88 (t, J = 7.0 Hz, 3H), 0.88 (s, 9H), 0.10 (s, one diastereomer, 3H), 0.093 (s, the other 
diastereomer, 3H), 0.088 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 155.79, 83.39 (d, J = 7.3 Hz, one diastereomer), 83.33 (d, J = 8.3 
Hz, the other diastereomer), 79.39, 71.95 (d, J = 4.2 Hz), 71.72, 70.53 (d, J = 8.3 Hz), 68.63 (d, 
J = 6.2 Hz), 66.57 (brs), 40.97 (d, J = 6.2 Hz), 32.20, 32.18, 31.81, 29.82, 29.80, 29.73, 29.71, 
29.64, 29.37, 29.21, 28.96, 28.90, 28.38, 26.05, 25.77, 22.64, 18.13, 14.08, -4.74. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -4.67 (one diastereomer), -4.76 
(the other diastereomer). 
IR (ATR) 2926, 2854, 1732, 1460, 1282, 1251, 1119, 1004, 831, 776 cm-1. 
MS (ESI) m/z 569 (M+Na)+. 
HRMS (ESI) calcd for C30H62Na1O4S1Si1 (M+Na)+ 569.40358, found 569.40485.  
 
 
To a THF solution (1.5 mL) of 49 (105 mg, 0.14 mmol) and triethylamine (0.2 mL, 1.4 mmol) 
was added triethylamine trihydrofluoride (3HF•Et3N) (0.23 mL, 1.4 mmol) at room temoerature 
and heated to 40°C. After stirred for 7 h, the reaction mixture was cooled to 0℃ and quenched 
by addition of saturated sodium bicarbonate aqueous solution. The mixture was extracted with 
CHCl3. The combined extracts were washed with brine, dried over Na2SO4, and concentrated in 
vacuo. The residue was purified by column chromatography on silica (CHCl3 / MeOH = 9 / 1+1% 





















1H NMR (500 MHz, CDCl3) δ5.23 (br, 1H), 4.15-3.96 (5H, m), 3.48 (d, J = 5.5 Hz, 2H,, 3.45 (t, 
J = 6.7 Hz, 2H), 3.43-3.35 (m, 2H), 3.27 (br, 1H), 2.50 (t, J = 7.5 Hz, 4H), 1.61-1.53 (m, 6H), 
1.51 (s, 9H), 1.44 (s, 9H), 1.41-1.24 (m, 18H), 0.88 (t, J = 7.0 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 155.76, 83.89 (d, J = 5.2 Hz, one diastereomer), 83.84 (d, J = 6.2 
Hz, the other diastereomer), 79.42, 71.66, 70.81, 69.37-69.29 (m), 68.77 (d, J = 6.2 Hz), 66.68 
(br), 40.83 (d, J = 6.2 Hz), 32.13, 32.10, 31.75, 29.75, 29.71, 29.66, 29.63, 29.50, 29.28, 29.15, 
29.13, 28.89, 28.82, 28.32, 25.95, 22.57, 14.03. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -3.89. 
IR (ATR) 3348, 2924, 2854, 1713, 1522, 1458, 1366, 1250, 1171, 1117, 998 cm-1. 
MS (ESI) m/z 650 (M+Na)+. 
HRMS (ESI) calcd for C30H62N1Na1O8P1S1 (M+Na)+ 650.38314, found 650.38294. 
 
 
To a solution of CH2Cl2 (3 ml) solution of 50 (240 mg, 0.38 mmol), DHA (125 mg, 0.38 mmol) 
and DMAP (46 mg, 0.38 mmol) was added EDC・HCl (145 mg, 0.76 mmol) at room temperature. 
After stirred for 5 h at room temperature under N2, the reaction mixture was diluted with ethyl 
acetate and then washed with water. The organic layer was dried over Na2SO4, filtered, and 
concentrated in vacuo. The residue was purified by column chromatography (ethyl acetate / 




1H NMR (500 MHz, CDCl3) δ 5.43-5.28 (m, 12H), 5.16 (br, 1H), 5.16 (quin. J = 5.0 Hz, 1H), 
4.21-4.16 (m, 1H), 4.15-4.09 (m, 1H) 4.07-4.02 (m, 2H), 3.55 (d, J = 5.2 Hz, 2H), 3.47-3.36 (m, 
4H), 2.87-2.78 (m, 10H), 2.49 (t, J = 7.5 Hz, 4H), 2.42-2.39 (m, 4H), 2.07 (quin, J = 7.4 Hz, 2H), 
1.60-1.52 (m, 6H), 1.504 (s, one diastereomer, 9H), 1.496 (s, the other diastereomer, 9H), 1.44 (s, 

















EDC (2.0 eq.), DMAP (1.0 eq.)




13C NMR (126 MHz, CDCl3) δ 172.29, 155.73, 131.96, 129.31, 128.51, 128.24, 128.22, 128.19, 
128.03, 128.01, 127.97, 127.80, 127.69, 126.95, 83.75 (d, J = 7.3 Hz, one diastereomer), 83.67 
(d, J = 7.3 Hz, the other diastereomer), 79.39, 71.71, 70.82 (d, J = 8.3 Hz), 68.30, 66.66, 65.40 (d, 
J = 5.2 Hz), 40.89 (d, J = 5.2), 34.06, 32.15, 32.12, 31.77, 29.75, 29.71, 29.69, 29.67, 29.49, 29.31, 
29.18, 29.15, 28.92, 28.86, 28.34, 25.93, 25.59, 25.54, 25.49, 22.60, 20.51, 14.23, 14.05. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -4.73 (one diastereomer), -4.83 
(the other diastereomer). 
IR (ATR) 3011, 2925, 2853, 1738, 1714, 1517, 1457, 1366, 1267, 1170, 1000 cm-1. 
MS (ESI) m/z 960 (M+Na+). 




To a dichloromethane solution (1.5 ml) of trialkyl phosphate 51 (70 mg, 0.075 mmol) 
was added 1,4-dioxane solution of hydrogen chloride (4 mol/L) (0.38 ml, 1.52 mmol). 
After stitted for 3 h at room temperature, the reaction mixture was concentrated in vacuo 
to give desired phospholipid 52 (55 mg, 90%) as a white solid. 
2-((((R)-2-(((4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenoyl)oxy)-3-((8-
(octylthio)octyl)oxy)propoxy)(hydroxy)phosphoryl)oxy)ethan-1-aminium chloride (52) 
1H NMR (500 MHz, CDCl3) δ 10.46 (br, 1H), 8.18 (br, 3H), 5.43-5.28 (m, 12H), 5.14 (brs, 1H), 
4.31-4.21 (m, 2H), 4.13-4.02 (m, 2H), 3.58-3.50 (m, 2H), 3.47-3.25 (m, 4H), 2.89-2.78 (m, 10H), 
2.49 (t, J = 7.5 Hz, 4H), 2.45-2.33 (m, 4H), 2.08 (quin, J = 7.4 Hz, 2H), 1.60-1.49 (m, 6H), 1.41-
1.21 (m, 18H), 0.97 (t, J = 7.5 Hz, 3H), 0.88 (t, J = 6.9 Hz, 3H). 
 13C NMR (126 MHz, CDCl3) δ (contains some overlapping peaks) 172.44, 131.95, 129.25, 
128.51, 128.25, 128.23, 128.21, 128.04, 128.01, 127.80, 126.96, 71.73, 71.04 (d, J = 8.3 Hz), 
68.60, 65.49, 62.94 (d, J = 8.3 Hz), 40.28 (d, J = 6.2 Hz), 34.08, 32.17, 32.15, 31.78, 29.69, 29.54, 
29.38, 29.23, 29.19, 29.16, 28.93, 25.95, 25.59, 25.49, 22.61, 20.51, 14.24, 14.06. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ 0.95. 






















MS (ESI) m/z 804 (M-HCl+Na)+. 






To a solution of 33 (217 mg, 0.47 mmol) in AcOEt (6.5 ml) was added IBX (398 mg, 1.4 mmol). 
After stirred for 7 h at reflux, the reaction mixture was cooled to room temperature. Precipitate 
was filtered on Celite and rinsed with AcOEt. The filtrate was concentrated in vacuo. The residue 
was purified by column chromatography (ethyl acetate / hexane = 1 / 10) to give the target product 
53 as a colorless oil (207 mg, 97 %). 
(R)-2-((tert-butyldimethylsilyl)oxy)-3-(octadecyloxy)propanal (53) 
1H NMR (500 MHz, CDCl3) δ 9.66 (d, J = 1.1 Hz, 1H), 4.16 (ddd, J = 5.9, 4.6, 1.2 Hz, 1H), 3.62 
(dd, J = 21.3, 10.2 Hz, 1H), 3.61 (dd, J = 22.7, 10.2 Hz, 1H), 3.47-3.40 (m, 2H), 1.54 (quin, J = 
6.9 Hz, 2H), 1.25 (m, 30 H), 0.92 (s, 9H), 0.88 (t, J = 7.0 Hz, 3H), 0.11 (s, 3H), 0.10 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 202.96, 77.66, 71.94, 71.74, 31.92, 29.69, 29.66, 29.60, 29.54, 
29.43, 29.36, 26.04, 25.74, 22.69, 28.27, 14.11, -4.82, -4.88 




tetrakis(2,2,2-trifluoroethyl) methylenebis(phosphonate) (425 mg, 0.84 mmol) was dissolved in 
THF (3.5 ml) and cooled to -78℃, then treated with 0.5 M toluene solution of KHMDS (1.7 ml). 
After stirred for 1 h, the reaction mixture was treated with a THF solution (3.5 ml) of 53 (190 mg, 
0.42 mmol) and warmed to room temperature. After stirred for 12 h, the reaction mixture was 



































with AcOEt. The combined extracts were washed with H2O and aqueous brine, dried over Na2SO4, 
and concentrated in vacuo. The residue was purified by column chromatography on silica (hexane 
/ ethyl acetate = 9 / 1) to give 54 (277 mg, 95 %) as colorless oil. 
Bis(2,2,2-trifluoroethyl) (S,Z)-(3-((tert-butyldimethylsilyl)oxy)-4-(octadecyloxy)but-1-en-1-
yl)phosphonate (54) 
1H NMR (500 MHz, CDCl3) δ 7.02 (ddd, J = 24.1, 17.0, 3.2 Hz, 1H), 6.08 (ddd, J = 24.3, 17.0, 
2.0 Hz, 1H), 4.48-4.46 (m, 1H), 4.36 (quin, J = 4.36 Hz, 4H), 3.43-3.33 (m, 4H), 1.56-1.52 (m, 
2H), 1.30-1.25 (m, 30H), 0.92-0.91 (m, 9H), 0.88 (t, J = 6.9 Hz, 3H), 0.09 (s, 3H), 0.07 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 156.18, 156.12, 122.54 (dd, J = 278.7, 8.0 Hz), 114.03, 112.47, 
74.14, 71.83 (d, J = 3.8 Hz), 62.01 (tq, Jt = 4.9 Hz, Jq = 37.9 Hz), 31.92,29.69, 29.65, 29.61, 29.60, 
29.57, 29.45, 29.35, 26.07, 25.71, 22.68, 18.22, 14.10, -4.88, -5.09. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ 22.87. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.59 (t, J = 8.5 Hz), 86.54 
(t, J = 8.6 Hz). 
IR (ATR) 2923, 2853, 1464, 1417, 1362, 1295, 1253, 1168, 1102, 1069, 963, 869, 835, 776, 
721 cm-1. 
MS (ESI) m/z 721 (M+Na)+ 




To a solution of phosphonate 54 (256mg, 0.36 mmol) in Toluene (3.6 ml) was added Pd/C (13 
mg). After stirred for 42 h at room temperature under H2, the reaction mixture was filtered on 
Celite and rinsed with AcOEt. The filtrate was concentrated in vacuo. The residue was purified 
by column chromatography on silica (AcOEt / Hexane = 1 / 5) to give 55 as a colorless oil (227 





















Pd / C (5 wt%)
Toluene, r.t., 42 h
 128 
1H NMR (500 MHz, CDCl3) δ 4.41-4.31 (m, 4H), 3.87-3.82 (m, 1H), 3.42-3.37 (m, 2H), 3.35 (dd, 
J = 9.7, 5.6 Hz, 3H), 3.23 (J = 9.6, 6.5 Hz, 1H), 2.05-1.96 (m, 2H), 1.95-1.86 (m, 2H), 1.79-1.73 
(m, 1H), 1.56-1.51 (m, 2H), 1.25 (m, 30H), 0.88 (m, 12H), 0.066 (s, 3H), 0.062 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 122.59 (dd, J = 278.3, 7.5 Hz), 74.16, 71.68, 70.28, 70.13, 61.87 
(dq, Jd = 6.0 Hz, Jq = 61.87 Hz), 31.92, 29.69, 29.65, 29.62, 29.57, 29.47, 29.35, 26.73, 26.69, 
26.11, 25.74, 22.68, 21.01 (d, J = 143.7 Hz), 18.05, 14.10, -4.48, -4.06. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ 37.42. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.43 (t, J = 7.8 Hz).  
IR (ATR) 2923, 2853, 1464, 1417, 1362, 1288, 1252, 1169, 1105, 1073, 964, 836 cm-1 
MS (ESI) m/z 723 (M+Na)+ 




To a solution of 55 (210 mg, 0.3 mmol), tert-butyl (2-hydroxyethyl)carbamate (145 mg, 0.9 
mmol), and flamed-dried MS4A (210 mg) in toluene (3 ml) was added DBU (0.14 ml, 0.9 mmol) 
at room temperature. After stirred for 8 h at 50℃, the reaction mixture was quenched by addition 
of phosphate buffer (pH 7). The resulting mixture was filtered on Celite to remove MS4A. The 
filtrate diluted with AcOEt, then washed with H2O and Brine. The organic layer was dried over 
Na2SO4 and concentrated in vacuo. The residue was purified by column chromatography on silica 
(hexane / ethyl acetate = 3 / 2) to give 56 (209 mg, 91 %) as colorless oil. 
tert-Butyl (2-((((S)-3-((tert-butyldimethylsilyl)oxy)-4-(octadecyloxy)butyl)(2,2,2-
trifluoroethoxy)phosphoryl)oxy)ethyl)carbamate (56) 
1H NMR (500 MHz, CDCl3) δ 5.05 (br, 1H), 4.37 (quin, J = 8.2 Hz, 2H), 4.13-4.07, 3.86-3.81 (m, 
1H), 3.43-3.37 (m, 4H), 3.34 (dd, J = 9.5, 5.3 Hz, 1H), 3.24 (ddd, J = 9.4, 6.5, 2.7 Hz, 1H), 1.96-
1.81 (m, 3H), 1.76-1.70 (m, 1H), 1.57-1.52 (m, 2H), 1.45 (m, 9H), 1.45 (s, 9H), 1.25 (m, 30H), 



























13C NMR (126 MHz, CDCl3) δ 155.73, 122.82 (dd, J = 277.8, 6.9 Hz), 79.64, 74.29, 71.67, 70.50, 
70. 36, 65.24 (d, J = 8.1 Hz), 62.08 (dd, J = 37.0, 5.5 Hz), 41.04, 31.90, 29.68, 29.64, 29.62, 29.58, 
29.46, 29.34, 28.32, 27.02, 26.99, 26.10, 25.78, 22.67, 20.98 (d, J = 142.9 Hz), 18.07, 14.09. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ 36.18. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.52 (t, J = 8.2 Hz).  
IR (ATR) 3316, 2923, 2853, 1714, 1463, 1365, 1287, 1249, 1168, 1096, 1036, 964, 835 cm-1 
MS (ESI) m/z 784 (M+Na)+ 




To a solution of 56 (125 mg, 0.16 mmol) in toluene (2 ml) was added 1M hexane solution of t-
BuOLi (0.32 ml) at 0℃. After stirred for 30 min. at 0℃, the reaction mixture was quenched by 
addition of phosphate buffer (pH 7). The mixture was extracted with AcOEt. The combined 
extracts were washed with H2O and brine, dried over Na2SO4, and concentrated in vacuo. The 
residue was purified by column chromatography on silica (hexane / ethyl acetate = 1 / 1 + 1% 
Et3N) to give 57 (120 mg, quant.) as colorless oil. 
tert-Butyl (2-((tert-butoxy((S)-3-((tert-butyldimethylsilyl)oxy)-4-
(octadecyloxy)butyl)phosphoryl)oxy)ethyl)carbamate (57) 
1H NMR (500 MHz, CDCl3) δ 5.23 (br, 1H), 4.06-3.99 (m, 2H), 3.83-3.79 (m, 1H), 3.42-3.38 
(m, 4H), 3.33 (dd, J = 9.5, 5.6 Hz, 1H), 3.25 (ddd, J = 9.5, 6.1, 2.5 hz, 1H), 1.81-1.63 (m, 4H), 
1.56-1.52 (m, 2H), 1.50 (s, 9H), 1.44 (s, 9H), 1.25 (m, 30H), 0.88 (m, 12H), 0.066 (s, 6H). 
13C NMR (126 MHz, CDCl3) δ 82.44 (d, J = 5.8 Hz, one diastereomer), 82.36 (d, J = 
6.2 Hz, the other diastereomer), 79.35, 74.54 (d, J = 3.5 Hz), 71.64, 70.938 (one diaste
reomer), 70.926 (the other diastereomer), 70.796 (one diastereomer), 70.785 (the other di
astereomer), 64.37 (d, J = 5.7 Hz), 31.93, 30.39, 30.36, 30.34, 29.70, 29.66, 29.64, 29.6
2, 29.51, 29.36, 28.41, 27.81, 27.78, 26.15, 25.86, 23.50, 22.92 (d, J = 145.8 Hz, one 
diastereomer), 22.90 (d, J = 144.9 Hz, the other diastereomer), 22.69, 18.13, 14.11. 









BocHN tBuOLi (2.0 eq.)














IR (ATR) 3356, 2923, 2853, 1715, 1508, 1460, 1365, 1248, 1172, 1123, 1064, 1036, 988 cm-1 
MS (ESI) m/z 759 (M+Na)+ 




To a THF solution (1.5 mL) of 57 (110 mg, 0.15 mmol) and triethylamine (0.25 mL, 1.5 mmol) 
was added triethylamine trihydrofluoride (3HF•Et3N) (0.21 mL, 1.5 mmol) at room temoerature 
and heated to 40°C. After stirred for 10 h, the reaction mixture was cooled to 0℃ and quenched 
by addition of saturated sodium bicarbonate aqueous solution. The mixture was extracted with 
CHCl3. The combined extracts were washed with brine, dried over Na2SO4, and concentrated in 
vacuo. The residue was purified by column chromatography on silica (CHCl3 / MeOH = 9 / 1+1% 
of Et3N) to give 58 as a diastereomer mixture (97 mg, quant). 
tert-Butyl (2-((tert-butoxy((S)-3-hydroxy-4-
(octadecyloxy)butyl)phosphoryl)oxy)ethyl)carbamate (58) 
1H NMR (500 MHz, CDCl3) δ 7.27 (br, 1H), 4.08-4.02 (m, 2H), 3.80-3.78 (m, 1H), 3.48-3.38 (m, 
5H), 3.29 (ddd, J = 9.5, 7.3, 2.2 Hz, 1H), 2.78 (dd, J = 8.6, 3.2 Hz), 1.95-1.91 (m, 1H), 1.82-1.67 
(m, 3H), 1.57 (quin, J = 7.0 Hz, 2H), 1.50 (s, 9H), 1.44 (s, 9H), 1.25 (m, 30H), 0.88 (t, J = 7.0 
Hz). 
13C NMR (126 MHz, CDCl3) δ 155.87, 82.78 (d, J = 8.9 Hz), 79.42, 74.34, 71.62, 70.13 (one 
diastereomer), 70.07 (the other diastereomer), 70.01 (one diastereomer), 69.95 (the other 
diastereomer), 64.54 (d, J = 4.8 Hz), 41.20 (d, J = 4.3 Hz), 31.93, 30.40, 30.37, 29.70, 29.66, 
29.63, 29.61, 29.49, 29.36, 28.40, 26.61,26.57, 26.12, 23.60 (d, J = 145.1 Hz), 22.69, 14.11. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ 29.97 (one diastereomer), 29.95 
(the other diastereomer). 
IR (ATR) 3349, 2922, 2852, 1705, 1522, 1457, 1366, 1248, 1168, 1120, 1062, 1037, 991, 753 
cm-1 
MS (ESI) m/z 644 (M+Na)+ 




























To a solution of CH2Cl2 (1.5 ml) solution of 58 (95 mg, 0.15 mmol), DHA (59 mg, 0.18 mmol) 
and DMAP (35 mg, 0.18 mmol) was added EDC・HCl (22 mg, 0.18 mmol) at room temperature. 
After stirred for 35 h at room temperature under N2, the reaction mixture was diluted with ethyl 
acetate and then washed with water. The organic layer was dried over Na2SO4, filtered, and 
concentrated in vacuo. The residue was purified by column chromatography (ethyl acetate / 
hexane = 1 / 2) to give the target product 59 as a colorless oil (102 mg, 73 %). 
(2S)-4-(tert-butoxy(2-((tert-butoxycarbonyl)amino)ethoxy)phosphoryl)-1-
(octadecyloxy)butan-2-yl (4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenoate (59) 
1H NMR (500 MHz, CDCl3) δ 5.42-5.30 (m, 12H), 5.24 (br, 1H), 5.05-5.00 (m, 1H), 4.05-4.02 
(m, 2H), 3.48-3.37 (m, 6H), 2.86-2.80 (m, 10H), 2.392-2.387 (m, 4H), 2.08 (dq, Jd = 0.7 Hz, Jq 
= 7.3 Hz, 2H), 1.86-1.65 (m, 4H), 1.56-50 (m, 2H), 1.50 (s, 9H), 1.44 (s, 9H), 1.25 (m, 30H), 
0.97 (t, J = 7.6 Hz, 3H), 0.88 (t, J = 7.0 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 172.67, 155.86, 132.04, 129.35, 128.58, 128.30, 128.29, 128.26, 
128.12, 128.09, 128.06, 128.88, 127.88, 127.85, 127.85, 127.03, 82.85 (d, J = 2.1 Hz, one 
diastereomer), 82.78 (d, J = 2.5 Hz, the other diastereomer), 79.39, 72.34, 72.18, 71.67, 71.21 (d, 
J = 5.5 Hz), 64.51 (d, J = 5.5 Hz) 41.22 (d, J = 2.8 Hz), 34.26, 31.93, 30.38, 30.35, 29.71, 29.66, 
29.64, 29.61, 29.50, 29.36, 28.40, 26.08, 25.64, 25.61, 25.55, 24.01 (d, J = 143.3 Hz), 22.76, 
22.69, 20.56, 14.20 14.12. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ 28.60. 
IR (ATR) 3294, 3011, 2962, 2922, 2852, 1714, 1518, 1457, 1365, 1168, 1062, 988, 718 cm-1 
MS (ESI) m/z 955 (M+Na)+ 






















EDC (1.2 eq.), DMAP (1.2 eq.)





To a dichloromethane solution (2 ml) of 59 (95 mg, 0.1 mmol) was added 1,4-dioxane solution 
of hydrogen chloride (4 mol/L) (0.5 ml, 2 mmol). After stitted for 3 h at room temperature, the 
reaction mixture was concentrated in vacuo. The residue was purified by column chromatography 
(CH3Cl / MeOH / H2O = 30 / 10 / 1) to give desired phospholipid 60 (71 mg, 87 %) as a yellow 
solid. 
2-((((S)-3-(((4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenoyl)oxy)-4-
(octadecyloxy)butyl)(hydroxy)phosphoryl)oxy)ethan-1-aminium chloride (60) 
1H NMR (500 MHz, CDCl3) δ 8.68 (br, 3H), 5.41-5.29 (m, 12H), 5.02-5.01 (m, 1H), 4.06 (br, 
2H), 3.47-3.33 (m, 4H), 3.07 (br, 2H), 2.85-2.83 (m, 10H), 2.37 (s, 4H), 2.07 (quin, J = 7.1 Hz, 
2H), 1.82-1.78 (m, 2H), 1.60-1.50 (m, 4H), 1.25 (m, 30H), 0.97 (t, J = 7.5 Hz, 3H), 0.87 (t, J = 
6.8 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 172.75, 131.99, 129.18, 128.54, 128.23, 128.09, 128.06, 127.95, 
127.85, 127.00, 72.80, 71.60, 71.50, 70.55, 60.88, 40.26, 31.90, 29.71, 29.70, 29.64, 29.61, 
29.53, 29.34, 26.04, 25.58, 25.52, 25.33, 22.92 (d, J = 135 Hz), 22.74, 22.66, 20.53, 14.25, 
14.09. 
31P NMR (202 MHz, CDCl3, External standard : 85 % H3PO4) δ: 27.43.  
IR(ATR) 3012, 2921, 2852, 1730, 1640, 1540, 1457, 1374, 1260, 1171, 1126, 1059, 1030, 908, 
797, 755, 733 cm-1. 
MS (ESI) m/z 798 [M+Na-HCl]+. 


















4N HCl in dioxane (20 eq.)

















To a solution of tBuOK (6.3 g, 67 mmol) in THF (120 ml) was added (R)-5 (5 g, 38 mmol) at 0℃ 
and stirred for 1 h. The reaction mixture was cooled -45℃ and trichloroethylene (6.1 ml, 69 
mmol) was added dropwise. After stirred for 6 h at room temperature, the reaction mixture was 
quenched by addition of saturated NH4Cl aqeous solution. The mixture was filtered on Celite to 
remove precipitates and washed with AcOEt. The filtrate was washed with H2O and brine, dried 
over Na2SO4, filtered, and concentrated in vacuo. The residue was purified by column 
chromatography (ethyl acetate / hexane = 1 / 9) to give the target product 61 as a yellow oil (7.4 
g, 86 %). 
(S)-4-(((1,2-dichlorovinyl)oxy)methyl)-2,2-dimethyl-1,3-dioxolane (61) 
1H NMR (500 MHz, CDCl3) δ 5.53 (s, 1H), 4.39-4.34 (m, 1H), 4.13 (dd, J = 8.6, 6.3 Hz, 1H), 
4.08 (dd, J = 10.2, 4.9 Hz), 3.95 (dd, J = 5.9, 4.4 Hz, 1H), 3.93 (dd, J = 5.9, 2.8 Hz, 1H), 1.45 (s, 
3H), 1.37 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 143.42, 109.86, 98.41, 73.26, 71.48, 66.62, 26.72, 25.26. 
IR (ATR) 3106, 2987, 2936, 2886, 1657, 1627, 1455, 1371, 1256, 1213, 1151, 1076, 1054 cm-1 
MS (ESI) m/z 249 [M+Na]+. 




To a solution of glycerol 61 (7.3 g, 32 mmol) in EtOH (100 ml) and H2O (1.2 ml) was 
added p-toluene sulfonic acid monohydrate (114 mg, 0.6 mmol). After stirred for 10 h at 
reflux, the reaction was quenched by addition of Et3N (0.4 ml). The mixture was concentrated in 


















EtOH / H2O = 10 / 1























was treated with TBSCl (12 g, 80 mmol) at 0℃. After stirred for 24 h at room temperature under 
N2, the reaction mixture was quenched by addition of phosphate buffer (pH=7) at 0 °C. The 
mixture was extracted with ethyl acetate. The combined extracts were successively washed with 
water and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by 
column chromatography on silica (hexane) to give 63 (13.3 g, 94 % from 61) as colorless oil. 
(R)-5-(((1,2-dichlorovinyl)oxy)methyl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-
disiladecane (63) 
1H NMR (500 MHz, CDCl3) δ 5.44 (s, 1H), 4.08 (dd, J = 10.0, 4.2 Hz, 1H), 3.97 (dd, J = 10.0, 
5.3 Hz, 1H), 3.94-3.90 (m, 1H), 3.65 (dd, J = 10.2, 6.4 Hz, 2H), 3.61 (dd, J = 10.2, 5.3 Hz, 1H), 
0.90 (s, 9H), 0.89 (s, 9H), 0.11 (s, 3H), 0.09 (s, 3H), 0.07 (s, 6H). 
13C NMR (126 MHz, CDCl3) δ 144.02, 96.80, 72.85, 71.64, 64.26, 25.88, 25.75, 25.69, 18.28, 
18.07, -4.70, -4.81, -5.42, -5.46. 
IR (ATR) 2956, 2929 2888, 2857, 1662, 1629, 1471, 1389, 1361, 1253, 1082, 1004, 827 cm-1 
MS (ESI) m/z 437 [M+Na]+. 




To a solution of 63 (12.7 g, 30.6 mmol) in THF (75 ml) was added 1.59M hexane solution of n-
BuLi (77 ml, 122 mmol) at -78℃. After stirred for 2 h at -78℃, the reaction mixture was warmed 
to -45℃, then stirred for 2 h. The reaction mixture was quenched by addition of a solution of 
phosphate buffer (pH=7) in THF and warmed to room temperature. The mixture was extracted 
with ethyl acetate. The combined extracts were successively washed with water and brine, dried 
over Na2SO4, and concentrated in vacuo. The residue was purified by column chromatography on 
silica (hexane + 1%AcOEt + 1% Et3N) to give 64 (10.2 g, 97 %) as orange oil. 
(R)-5-((ethynyloxy)methyl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane (64) 
1H NMR (500 MHz, CDCl3) δ 4.18 (dd, J = 9.8, 3.1 Hz), 4.02-3.94 (m, 2H), 3.58 (dd, J = 10.3, 
4.9 Hz, 1H), 3.51 (dd, J = 10.3, 6.9 Hz, 1H), 1.51 (s, 1H), 0.89 (s. 9H), 0.89 (s, 9H), 0.11 (s, 3H), 
















13C NMR (126 MHz, CDCl3) δ 91.46, 80.61, 70.05, 64.00, 25.85, 25.74, 25.70, 18.24, 18.08, -
4.74, -4.84, -5.46, -5.50. 
IR (ATR) 3332, 2952, 2929, 2889, 2858, 2158, 1472, 1468, 1253, 1093, 989, 832, 775 cm-1 
MS (ESI) m/z 367 [M+Na]+. 




To a solution of 64 (3.4 g, 10 mmol) in THF (5 ml) was added 0.5M toluene solution of KHMDS 
(15 ml, 1.5 mmol) at -78℃. After stirred for 1 h at -78℃, the reaction mixture was treated with a 
THF solution (5 ml) of 1-iodooctadecane (7.0 g, 20 mmol), warmed to room temperature, and 
stirred for 2days. The reaction mixture was quenched by addition of phosphate buffer (pH=7). 
The mixture was extracted with ethyl acetate. The combined extracts were successively washed 
with water and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by 




1H NMR (500 MHz, CDCl3) δ 4.04 (dd, J = 10.0, 3.6 Hz, 1H), 3.98-3.93 (m, 1H), 3.87 (dd, J = 
10.0, 6.4 Hz, 1H), 3.56 (dd, J = 10.3, 5.2 Hz, 1H), 3.51 (dd, J = 10.3, 6.7 Hz, 1H), 2.09 (t, J = 7.0 
Hz, 2H), 1.46-1.41 (m, 2H), 1.36-1.26 (m, 26H), 0.91-0.86 (m, 21H), 0.10 (s, 3H), 0.09 (s, 3H), 
0.05 (s, 9H). 
13C NMR (126 MHz, CDCl3) δ 89.95, 79.93, 71.18, 64.25, 36.88, 31.92, 29.69, 29.66, 29.60, 
29.35, 29.35, 29.23, 28.87, 25.86, 25.77, 22.68, 18.26, 18.10, 17.18, 14.10, -4.74, -4.81, -5.44, -
5.48. 
IR (ATR) 2924, 2854, 2272, 2463, 1251, 1142, 1104, 834, 776 cm-1 
MS (ESI) m/z 591 [M+Na]+. 
HRMS (ESI) calcd for C33H68Na1O3Si2 ([M+Na]+), 591.46047 found 591.46138. 
Colorless oil 
OTBS










To a solution of phosphonate 65 (3.9 g, 6.87 mmol) in AcOEt (11 ml) and Hexane (11 ml) was 
added Pd/BaSO4 (390 mg). After stirred for 1day at room temperature under H2, the reaction 
mixture was filtered on Celite and rinsed with AcOEt. The filtrate was concentrated in vacuo. The 
residue was purified by column chromatography on silica (Hexane + 1% Et3N) to give 66 as a 
colorless oil (3.5 g, 90 %). 
(R,Z)-2,2,3,3,8,8,9,9-octamethyl-5-((octadec-1-en-1-yloxy)methyl)-4,7-dioxa-3,8-
disiladecane (66) 
1H NMR (500 MHz, CDCl3) δ 5.92 (dt, Jd = 6.3 Hz, Jt = 1.4 Hz, 1H), 4.28 (q, J = 7.0 Hz, 1H), 
3.86-3.82 (m, 1H), 3.79 (dd, J = 10.6, 4.2 Hz, 1H), 3.64 (dd, J = 10.6, 6.2 Hz, 1H), 3.54 (d, J = 
5.8 Hz, 2H), 2.05 (q, J = 6.7 Hz, 2H), 1.26 (m, 28H), 0.91-0.87 (m, 21H), 0.083 (s, 3H), 0.079 (s, 
3H), 0.05 (s, 6H). 
13C NMR (126 MHz, CDCl3) δ 145.49, 106.37, 74.19, 72.53, 64.69, 31.93, 29.89, 29.71, 29.66, 
29.57, 29.40, 29.36, 25.92, 25.85, 25.82, 25.76, 24.07, 22.69, 18.32, 18.12, 14.11, -4.67, -4.75, -
5.40, -5.45. 
IR (ATR) 2926, 2854, 1665, 1463, 1254, 1104, 1005, 908, 735 cm-1 
MS (ESI) m/z 593 [M+Na]+. 




To freshly distilled CH2CI2 (2 mL) was added Et2Zn (1.09 M in hexane) (2.4 mL, 2.6 mmol) 
under N2. The solution was cooled in an ice bath and trifluoroacetic acid (0.2 mL, 2.6 mmol) was 
then dripped very slowly into the reaction mixture via syringe. Upon stirring for 20 min, CH2I2 
(0.21 mL, 2.6 mmol) was added. After an additional 20 min stirring, a solution of the glycerol 66 







Pd / BaSO4 (5 wt%)
quinoline (1.0 eq.)










CH2Cl2, r.t. 1 hOTBS OTBS
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additional 1 h stirring, the reaction mixture was quenched with sat. aqueous NH4Cl. The aqueous 
layer was extracted with CH2C12. The combined organic layers were successively washed with 
H2O and brine, then dried over Na2SO4, filtered, concentrated, and purified by column 
chromatography (hexane) to yield the cyclopropane product (670 mg, 88 %). 
(5R)-5-((2-hexadecylcyclopropoxy)methyl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-
disiladecane (67) 
1H NMR (500 MHz, CDCl3) δ 3.80 (dt, Jt = 11.1 Hz, Jd = 5.5 Hz, 1H), 3.58-3.46 (m, 3H), 3.40 
(ddd, J = 15.3, 9.7, 5.7 Hz, 1H), 3.24 (sep, J = 3.2 Hz, 1H), 1.52-1.48 (m, 1H), 1.41-1.37 (m, 1H), 
1.26 (m, 28H), 0.89-0.88 (m, 21H), 0.73-0.65 (m, 1H), 0.56 (m, 1H), 0.13 (sep, J = 3.0 Hz, 1H), 
0.07-0.04 (m, 12H). 
13C NMR (126 MHz, CDCl3) δ 72.80, 72.71, 72.64, 72.60, 65.31, 65.21, 57.44, 57.23, 31.92, 
29.99, 29.71, 29.66, 29.36, 26.93, 26.86, 25.95, 25.87, 22.69, 18.36, 18.21, 18.17, 17.86, 17.778, 
14.11, 10.86, 10.81, -4.61, -4.65, -4.68, -4.70, -5.35, -5.40, -5.42. 
IR (ATR) 2923, 2853, 1462, 1251, 1100, 1004, 832, 775 cm-1 
MS (ESI) m/z 607 [M+Na]+. 




To a solution of 67 (2.5 g, 4.3 mmol) in dry THF (43 mL) were added 18 mL of a HF-pyridine 
stock solution (prepared from 2.25 mL HF-pyridine and 4.5 mL pyridine in 11 mL THF) at 0 °C. 
The mixture was stirred at 4 °C for 5 h (longer reaction times led to additional deprotection of the 
secondary TBS-ether). Then the reaction was diluted with EtOAc and carefully quenched with 
NaHCO3 aqueous solution. The phases were separated and the aqueous phase was extracted with 
EtOAc thrice. The combined organic phases were dried (Na2SO4) and concentrated. Purification 
of the crude product by column chromatography (hexane, then hexane / ethyl acetate = 9 / 1) 
yielded 1.42 g (2.4 mmol, 56 %) of recovered starting material 67 and 793 mg (1.7 mmol, 40 %) 






THF, 0℃, 5h (4 cycles)
68
70 %
(23% of s.m. recovered )
OTBS OH
 138 
into the desired product in three cycles as described above to yield another 615 mg (1.3 mmol) of 
the desired product (580 mg of the starting material recovered). 
(2S)-2-((tert-butyldimethylsilyl)oxy)-3-(2-hexadecylcyclopropoxy)propan-1-ol (68) 
1H NMR (500 MHz, CDCl3) δ 3.89-3.85 (m, 1H), 3.66-3.61 (m, 1H), 3.58-3.53 (m, 1H), 3.52 -
3.41 (m, 2H), 3.27-3.22 (m, 1H), 2.03 (dd, J = 7.0, 12.6 Hz, 1H), 1.52-1.26 (m, 30H), 0.89 (s, 
9H), 0.88 (t, J = 7.1 Hz, 3H), 0.76-0.67 (m, 1H), 0.61-0.56 (m, 1H), 0.15-0.11 (m, 1H), 0.95 (s, 
6H). 
13C NMR (126 MHz, CDCl3) δ 72.80, 72.39, 71.19, 71.12, 65.09, 64.91, 57.63, 57.43, 31.92, 
29.94, 29.70, 29.65, 29.59, 29.35, 26.93, 26.86, 25.80, 22.68, 18.10, 17.82, 17.70, 14.10, 10.89, 
10.85, -4.59, -4.86, -4.91. 
MS (ESI) m/z 493 [M+Na]+. 
HRMS (ESI) calcd for C28H58Na1O3Si1 ([M+Na]+), 493.40529 found 493.40516. 
Colorless oil 
 
Table 1, Entry 5 
 
To a toluene solution (8 mL) of 4,4-dimethylpent-1-en-3-ol (171 mg, 1.5 mmol) was added 1.5 
mL of a 1.0 M hexane solution of lithium tert-butoxide (1.5 mmol) at room temperature. After 
stirred for 1 h at 0°C, a toluene solution (4.5 mL) of a phosphate triester 2d (486 g, 1.25 mmol) 
was added to the mixture at –45°C. After being stirred for 5 h at –45°C, the reaction was quenched 
by addition of a toluene solution (1 mL) of acetic acid (90 mg, 1.5 mmol) at –45°C, followed by 
addition of phosphate buffer (pH 7) at room temperature. The mixture was extracted with ethyl 
acetate. The combined extracts were washed with brine, dried over Na2SO4, and concentrated in 
vacuo. The residue was purified by column chromatography on silica (hexane / ethyl acetate = 3 
/ 2) to give a phosphate triester 70e as a colorless oil (404 mg, 80%). 
Allyl (2-((((4,4-dimethylpent-1-en-3-yl)oxy)(2,2,2-
trifluoroethoxy)phosphoryl)oxy)ethyl)carbamate (70e) 
1H-NMR (500 MHz, CDCl3) δ 5.96-5.83 (m, 2H), 5.36-5.28 (m, 3H), 5.24-5.20 (m, 2H), 4.57 (d, 



















Table 2, Entry 4 
 
To a toluene solution (5 mL) of 68 (456 mg, 0.97 mmol) added a 1M hexane solution of t-BuOLi 
(2.1 ml) at 0°C. After stirred for 1 h at 0°C, the reaction mixture was added a toluene solution (1 
mL) of dialkyl 2,2,2- trifluoroethyl phosphate 70e (469 mg, 1.16 mmol). After being stirred for 1 
day at 0°C, the reaction was quenched by addition of phosphate buffer (pH 7). The mixture was 
extracted with ethyl acetate. The combined extracts were washed with aqueous brine, dried over 
Na2SO4, and concentrated in vacuo. The residue was purified by column chromatography on silica 




1H NMR (500 MHz, CDCl3) δ 5.96-5.81 (m, 2H), 5.38 (br, 1H), 5.35-5.28 (m, 3H), 5.21 (d, J = 
10.4 Hz, 1H), 4.57 (d, J = 5.4 Hz, 2H), 4.47-4.40 (m, 1H), 4.16-3.86 (m, 5H), 3.51-3.40 (m, 4H), 
3.26-3.22 (m, 1H), 1.55-1.46 (m, 1H), 1.44-1.36 (m, 2H), 1.35-1.21 (m, 27H), 0.939 (s, 9H, one 
diastereomer), 0.935 (s, 9H, the other diastereomer), 0.89 (s, 9H), 0.88 (t, J =7.1 Hz, 3H), 0.74-
0.68 (m, 1H), 0.14-0.10 (m, 1H), 0.08 (br, 6H). 
13C NMR (126 MHz, CDCl3) δ 156.17, 134.06, 133.93, 132.79, 119.63, 119.49, 117.60, 88.27 (d, 
J = 7.0 Hz, one diastereomer), 88.13 (d, J = 6.4 Hz, the other diastereomer), 72.01, 71.96, 71.82, 
71.80, 71.72, 71.70, 70.40-70.33 (m), 68.90-68.73 (m), 66.62-66.62 (m), 65.60, 57.60, 57.41, 
41.42 (d, J = 8.2 Hz), 34.94, 34.88, 31.89, 29.94, 29.90, 29.72, 29.68, 29.63, 29.59, 29.33, 26.83, 
26.82, 25.73, 25.58, 22.66, 18.09, 17.80, 17.74, 14.08, 10.85, 10.82, -4.79, -4.85. 
31P NMR (202 MHz, CDCl3, External standard: 85 % H3PO4) δ -0.39, -0.46, -0.56, -0.61. 
IR (ATR) 3311, 2923, 2853, 1725, 1527, 1464, 1251, 1142, 987, 834, 777 cm-1 
MS (ESI) m/z 796 [M+Na]+. 













O tBuOLi (2.2 eq.)














Table 2, Entry 6 & Scheme 7 
 
To a THF solution (7 mL) of 71d (500 mg, 0.65 mmol) and triethylamine (1.4 mL, 9.7 mmol) 
was added triethylamine trihydrofluoride (3HF•Et3N) (1 mL, 6.5 mmol) at room temoerature and 
heated to 40°C. After stirred for 7 h, the reaction mixture was cooled to 0℃ and quenched by 
addition of saturated sodium bicarbonate aqueous solution. The mixture was extracted with 
CHCl3. The combined extracts were washed with brine, dried over Na2SO4, and concentrated in 
vacuo. The residue was combined with DHA (213 mg, 0.65 mmol) and DMAP (79 mg, 0.65 
mmol), and CH2Cl2 (6 ml). Tha mixture was treated with EDC・HCl (248 mg, 1.3 mmol) at room 
temperature. After stirred for 15 h at room temperature under N2, the reaction mixture was diluted 
with ethyl acetate and then washed with water. The organic layer was dried over Na2SO4, filtered, 
and concentrated in vacuo. The residue was purified by column chromatography (ethyl acetate / 




1H NMR (500 MHz, CDCl3) δ 5.94-5.80 (m, 2H), 5.15-5.28 (m, 16H), 5.20 (d, J = 10.5 Hz, 
1H), 5.16-5.13 (m, 1H), 4.56 (d, J = 5.4 Hz, 2H), 4.44-4.38 (m, 1H), 4.22-4.03 (m, 4H), 3.71-
3.56 (m, 2H), 3.46-3.43 (m, 2H), 2.85-2.80 (m, 10H), 2.40 (br, 4H), 2.07 (quin, J = 7.0 Hz, 2H), 
1.53-1.45 (m, 1H), 1.42-1.36 (m, 1H), 1.25 (m, 1H), 0.97 (t, J = 7.5 Hz, 3H), 0.93-0.92 (m, 9H), 
0.87 (t, J = 7.0 Hz, 3H), 0.76-0.68 (m, 1H), 0.61-0.56 (m, 1H), 0.14-0.11 (m, 1H). 
13C NMR (126 MHz, CDCl3) δ 172.33 (one diastereomer), 172.30 (the other diastereomer), 
156.14, 133.90, 133.86, 133.82, 132.77, 131.97, 129.34, 128.52, 128.27, 128.23, 128.21, 128.05, 
128.03, 127.98, 127.98, 127.82, 127.69, 126.97, 119.74, 119.68, 119.65, 119.59, 117.61, 88.44 
(d, J = 8.8 Hz, one diastereomer), 88.38 (d, J = 6.9 Hz, the other diastereomer), 70.73 (d, J = 7.7 
Hz), 68.45 (d, J = 6.1 Hz), 66.77, 66.65, 65.60, 63.42, 57.58 (d, J = 4.6 Hz), 41.36 (d, J = 7.0 Hz), 
34.92, 34.86, 34.04, 33.87, 31.88, 31.54, 29.84, 29.81, 29.72, 29.67, 29.61, 29.57, 29.31, 26.72, 
25.58, 25.55, 25.49, 22.64, 22.60, 22.59, 22.57, 20.51, 17.84, 17.77, 14.22, 14.07, 10.97, 10.90. 






















 77% (2 steps)
(1.0 eq.)
EDC (2.0 eq.), DMAP (1.0 eq.)





IR (ATR) 3308, 3013, 2958, 2923, 2853, 1724, 1526, 1463, 1365, 1259, 1154, 989, 933 cm-1 
MS (ESI) m/z 992 [M+Na]+. 
HRMS (ESI) calcd for C57H96N1Na1O9P1 ([M+Na]+), 992.67204 found 992.67301. 
Light yellow oil 
 
 
To a solution of trialkyl phosphate 73 (430 mg, 0.44 mmol) and molpholine (0.2 ml, 2.2 mmol) 
in THF was added Pd(PPh3)4 (23 mg, 0.02 mmol) and PPh3 (5 mg, 0.02 mmol). After stirred for 
12 h at room temperature under N2, the reaction mixture was concentrated in vacuo. The residue 
was purified by column chromatography (CHCl3 / MeOH = 9 / 1, then CHCl3 / MeOH = 40 / 10 
/ 1) to give the target product 74 as a yellow oil (335 mg, 96 %). 
(2R)-1-(((2-aminoethoxy)(hydroxy)phosphoryl)oxy)-3-(2-hexadecylcyclopropoxy)propan-
2-yl (4Z,7Z,10Z,13Z,16Z,19Z)-docosa-4,7,10,13,16,19-hexaenoate (74) 
1H NMR (500 MHz, CDCl3) δ 8.56 (br, 1H), 5.42-5.28 (m, 12H), 5.15 (quin., J = 5.1 Hz, 1H), 
4.09-3.94 (m, 4H), 3.65-3.60 (m, 2H), 3.27-3.25 (m, 2H), 3.14 (br, 2H), 2.86-2.80 (m, 10H), 2.38-
2.37 (m, 4H), 2.07 (quin, J = 7.5 Hz, 2H), 1.51-0.97 (m, 30H), 0.97 (t, J = 7.5 Hz, 3H), 0.88 (t, H 
= 7.0 Hz, 3H), 0.75-0.66 (m, 1H), 0.60-0.55 (m, 1H), 0.14-0.11 (m, 1H). 
13C NMR (126 MHz, CDCl3) δ 172.67, 131.99, 129.34, 129.26, 128.54, 128.28, 128.26, 128.24, 
128.07, 128.04, 128.02, 127.98, 127.83, 127.80, 126.99, 71.75 (d, J = 7.8 Hz), 69.12,64.47, 63.52, 
62.09, 57.55, 57.42, 40.50, 34.20, 34.17, 33.93, 31.91, 29.90, 29.84, 29.76, 29.74, 29.72, 29.66, 
29.63, 29.35, 26.67, 26.63, 25.60, 25.67, 22.62, 22.57, 20.53, 17.88, 17.73, 14.25, 14.10. 
31P NMR(202 MHz, CDCl3, External standard : 85 % H3PO4) δ 1.01. 
IR(ATR) 3013, 2921, 2851, 1735, 1646, 1550, 1456, 1232, 1155, 1078, 1010, 918, 808 cm-1. 
MS (ESI) m/z 812 [M+Na]+. 































To a solution of 1-dodecyne (1.15 g, 6.9 mmol) in THF (15 ml) was added 1.6M hexane solution 
of n-BuLi (4 ml, 6.4 mmol) at -78℃. After stirred for 1 h, the reaction mixture was treated with 
bron trifluoride – ethyl ether complex (0.8 ml, 6.4 mmol). The mixture was stirred for 30 min., 
treated with a THFsolution (5 ml) of ε-caprolactone (660 mg, 5.8 mmol), and warmed to room 
temperature. After stirred for 1 h at room temperature, the reaction mixture was quenched by 
addition of phosphate buffer (pH 7). The mixture was extracted with ethyl acetate. The combined 
extracts were washed with water and aqueous brine, dried over Na2SO4, and concentrated in vacuo. 
The residue was purified by column chromatography on silica (hexane / ethyl acetate = 5 / 2) to 
give 77 as a colorless oil (1.44 g, 89 %). 
1-hydroxyoctadec-7-yn-6-one (77) 
1H NMR (500 MHz, CDCl3) δ 3.65 (t, J = 6.4 Hz, 2H), 2.55 (t, J = 7.4 Hz, 2H), 2.35 (t, J = 7.1 
Hz, 2H), 1.69 (quin, J = 7.6 Hz, 2H), 1.61-1.54 (m, 4H), 1.42-1.37 (m, 4H), 1.31-1.26 (m, 12H), 
0.88 (t, J = 7.2 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 188.25, 94.51, 80.89, 62.67, 45.41, 32.41, 31.89, 29.54, 29.44, 
29.30, 29.02, 28.87, 27.73, 25.14, 23.79, 22.68, 18.95, 14.10. 
 
 
To a solution of 77 (280 mg, 1.0 mmol), CeCl3・7H2O (448 mg, 1.2 mmol) in EtOH was added 
NaBH4 (46 mg, 1.2 mmol) at 0℃. After stirred for 30 min. at 0℃, the reaction mixture was 
quenched by addition of saturated NH4Cl aqueous solution. The mixture was extracted with Et2O. 
The combined extracts were washed with aqueous brine, dried over Na2SO4, and concentrated in 
vacuo. The residue was purified by column chromatography on silica (hexane / ethyl acetate = 3 




























1H NMR (500 MHz, CDCl3) δ 4.36 (br, 1H), 3.65 (t, J = 6.6 Hz, 2H), 2.20 (dt, Jd = 2.0 Hz, Jt = 
7.1 Hz, 2H), 1.83 (br, 1H), 1.74-1.64 (m, 2H), 1.63-1.57 (m, 2H), 1.53-1.45 (m, 4H), 1.44-1.32 
(m, 5H), 1.29-1.27 (m, 12H), 0.88 (t, J = 7.0 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 85.63, 81.20, 62.84, 62.60, 38.07, 32.63, 31.87, 29.55, 29.51, 
29.29, 29.10, 29.83, 28.65, 25.40, 24.95, 22.65, 18.65, 14.08. 
 
 
A suspension of NaH (326 mg, 8 mmol) in 1,3-propanediamine (6 ml) was stirred for 30 min., 
the warmed to 60℃. After stirred for 30min., the mixture was treated with a solution of 78 (235 
mg, 0.83 mmol) in 1,3-propanediamine (4 ml) and stirred for 1h. The reaction mixture was 
quenched by addition of 1N HCl aqeous solution. The mixture was extracted with Et2O. The 
combined extracts were washed with water and aqueous brine, dried over Na2SO4, and 
concentrated in vacuo. The residue was purified by column chromatography on silica (hexane / 
ethyl acetate = 1 / 1) to give 79 as a white solid (170 mg, 72 %). 
octadec-17-yne-1,6-diol (79) 
1H NMR (500 MHz, CDCl3) δ 3.65 (t, J = 6.5 Hz, 2H), 3.59 (br, 1H), 2.18 (dt, Jd = 2.7, Jt = 7.1 
Hz, 2H), 1.94 (t, J = 2.6 Hz, 1H), 1.62-1.35 (m, 16H), 1.28 (m, 12H). 
13C NMR (126 MHz, CDCl3) δ 84.80, 71.89, 68.02, 62.92, 37.54, 37.36, 32.70, 29.66, 29.57, 
29.51, 29.45, 29.07, 28.73, 28.47, 25.79, 25.63, 25.41, 18.38. 
 
 
To a solution of 79 (282 mg, 1.0 mmol), DMAP (24 mg, 0.2 mmol) and Et3N (0.2 ml, 1.4 mmol) 
in CH2Cl2 (1 ml) was added TBSCl (159 mg, 1.05 mmol) at 0℃. After stirred for 15 h at room 
temperature under N2, the reaction mixture was quenched by addition of phosphate buffer (pH=7) 
at 0 °C. The mixture was extracted with ethyl acetate. The combined extracts were successively 
washed with water and brine, dried over Na2SO4, and concentrated in vacuo. The residue was 
78
NaH (10 eq.)






















purified by column chromatography on silica (hexane / ethyl acetate = 1 / 1) to give 80 as colorless 
oil (350 mg, 88%). 
1-((tert-butyldimethylsilyl)oxy)octadec-17-yn-6-ol (80) 
1H NMR (500 MHz, CDCl3) δ 3.60 (t, J = 2H), 3.59 (br, 1H), 2.18 (dt, Jd = 2.7, Jt = 7.1 Hz, 2H), 
1.93 (t, J = 2.6 Hz, 1H), 1.50-1.47 (m, 4H), 1.46-1.28 (m, 24m), 0.89 (s, 9H), 0.04 (s, 6H). 
13C NMR (126 MHz, CDCl3) δ 84.79, 71.94, 68.01, 63.19, 37.49, 37.48, 32.82, 29.68, 29.59, 
29.52, 29.46, 29.08, 28.74, 28.49, 25.97, 25.90, 25.64, 25.44, 18.39, 18.36, -0.02, -5.27. 
 
 
To a solution of 80 (340 mg, 0.86 mmol) and pyridine (0.2 ml, 2.2 mmol) in CH2Cl2 (8.6 ml) was 
added DMP (424 mg, 1.0 mmol) at 0℃. After stirred for 1 h at room temperature, the reaction 
mixture was cooled to 0℃ and quenched by addition of saturated NaHCO3 aqeous solution and 
Na2S2O3 aqueous solution. The mixture was extracted with ethyl acetate. The combined extracts 
were successively washed with water and brine, dried over Na2SO4, and concentrated in vacuo. 
The residue was purified by column chromatography on silica (hexane / ethyl acetate = 10 / 1) to 
give 81 as colorless oil (320 mg, 94%). 
1-((tert-butyldimethylsilyl)oxy)octadec-17-yn-6-one (81) 
1H NMR (500 MHz, CDCl3) δ 3.59 (t, J = 6.5 Hz, 2H), 2.38 (q, J = 7.4 Hz, 4H), 2.17 (dt, Jd = 2.6, 
Jt = 7.1 Hz, 2H), 1.93 (t, J = 2.6 Hz, 1H), 1.58-1.48 (m, 8H), 1.39-1.27 (m, 14H), 0.88 (s, 9H), 
0.04 (s, 6H). 
13C NMR (126 MHz, CDCl3) δ 211.51, 84.77, 68.02, 62.99, 42.84, 42.76, 32.61, 29.41, 29.38, 
29.24, 29.05, 29.72, 28.47, 25.52, 23.87, 23.66, 18.38, 18.34, -0.02, -5.29. 
 
 
To a solution of 81 (310 mg, 0.78 mmol) in THF (8 ml) was added 1M THF solution of TBAF 
(1.6 ml, 1.6 mmol) at 0℃. After stirred for 2 h at room temperature, the reaction mixture was 
quenched by addition of phosphate buffer (pH=7) at 0 °C. The mixture was extracted with ethyl 
























vacuo. The residue was purified by column chromatography on silica (hexane / ethyl acetate = 2 
/ 1) to give 82 as white solid (212 mg, 96%). 
1-hydroxyoctadec-17-yn-6-one (82) 
1H NMR (500 MHz, CDCl3) δ 3.65 (t, J = 6.5 Hz, 2H), 2.41 (t, J = 7.4 Hz, 2H), 2.38 (t, J = 7.6 
Hz, 2H), 2.18 (dt, Jd = 2.7 Hz, Jt = 7.1 Hz, 2H), 1.94 (t, J = 2.6 Hz, 1H), 1.63-1.49 (m, 9H), 1.40-
1.33 (m, 4H), 1.27 (m, 10H). 
13C NMR (126 MHz, CDCl3) δ 211.45, 84.76, 68.01, 62.61, 42.85, 42.58, 32.41, 29.38, 29.34, 
29.21, 29.02, 29.69, 28.44, 25.33, 23.84, 23.40, 18.35. 
 
 
82 (50 mg, 0.18 mmol), hydroxylamine-O-sulfonic acid (31 mg, 0.27 mmol), and 
hexadecyltrimethylammonium bromide (33 mg, 0.09 mmol) were added into liquid NH3 in a 
sealed tube at -78℃. The reaction mixture was stirred at room temperature for 24 h. After cooling 
the reaction mixture to -78℃, t-BuOK (87 mg, 0.72 mmol) was added. The reaction mixture was 
further stirred at room temperature for 15 h. After remove the ammonia at room temperature, the 
reaction mixture was diluted with Et2O and filtered on Celite to remove precipitates. The filtrate 
was concentrated in vacuo. The residue was purified by column chromatography on silica (ethyl 
acetate / hexane = 1 / 2) to give 83 (16.5 mg, 31%) as a colorless oil. 
7-(3-(dec-9-yn-1-yl)-3H-diazirin-3-yl)heptan-1-ol (83) 
1H NMR (500 MHz, CDCl3) δ 3.62 (t, J = 6.6 Hz, 2 H), 2.18 (dt, Jd = 2.7 Hz, Jt = 7.1 Hz, 2H), 
1.93 (t, J = 2.6 Hz, 1H), 1.54-1.50 (m, 4H), 1.40-1.22 (m, 19H), 1.12-1.06 (m, 4H). 
13C NMR (126 MHz, CDCl3) δ 84.75, 68.02, 62.68, 32.87, 32.83, 32.45, 29.37, 29.32, 29.16, 
29.02, 28.76, 28.69, 28.44, 25.32, 23.80, 23.62, 18.35. 
MS (pos.Esi) m/z 315 [M+Na]+. 











Me3N+C16H33 Br- (0.5 eq.)
NH3, r.t., 24 h
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までに世界中で 12 種（2020 年 8 月時点）の核酸医薬が承認されており、他にも多く
の核酸医薬の臨床試験が行われている。その中でも siRNA は 20 塩基程度の短い 2 本
鎖 RNA で標的とする mRNA を分解させることができる。siRNA の作用機序は RNA
干渉(RNA interference; RNAi)が関与している。RNAi は Fire と Mello らによって線
虫の一種であるCaenorhabditis elegansにおいて2本鎖RNAがmRNAを分解してい




① 細胞内に侵入した長鎖の 2 本鎖 RNA がダイサーと呼ばれる酵素によって切断され
て siRNAとなる。 
② 内因性タンパク質複合体に取り込まれる。 








silencing complex (RISC)と呼ばれる一本鎖RNA-タンパク質複合体となる。 
④ RISC中の RNA鎖と相補的な塩基配列をもつ標的RNAと結合する。 
⑤ RISC に含まれる Argonaute (Ago2)のヌクレアーゼ活性によって標的 RNAが切断
される。 
すなわち、RISC が特定の mRNA と結合した場合、対応する遺伝子の発現が抑制され

























































































R = Me, Et, C12H25
























ロエチルエステル型ジヌクレオチド 87 の合成を行った（Scheme 1.）。 
 
エステル交換反応の結果、核酸塩基がチミンの時と同様の収率で目的のトリフルオロエ
チルエステル型ジヌクレオチド 87 を合成することができた。 
次にトリフルオロエチルエステル型ジヌクレオチド 21, 87 からフェネチルエステル

















DBU (1.0 eq), MS4A (100 wt%)







































Toluene, -45℃, 10 h
TBD (1.0 eq.) MS 4A (100 wt%)















21 R = Me
87 R = H
OH (1.5 eq.)
tBuOLI (1.5 eq.)















88 R = Me : 83%






（Scheme 2, continued） 
 
まず、トリフルオロエチルエステル型ジヌクレオチド 21, 87 に対してβ-フェネチルア
ルコールを用いてエステル交換反応を行った。その結果、フェネチルエステル 88, 89
を高収率で得ることができた。その後、TBS基の脱保護、アリル基の脱保護を順次に行
うことで目的のフェネチルエステル型ジヌクレオチド誘導体 92, 93 を合成することに
成功した。 






















THF, 40℃, 10 h
90 R = Me : 82%





















92 R = Me : 96%
93 R = H : 95%


















92 R = Me
























94 R = Me















































（Scheme 3, continued） 
 
まず、フェネチルエステル型ジヌクレオチド誘導体 92, 93 に対して２-シアノエチルジ
イソプロピルクロロホスホロアミダイトを反応させることでホスホロアミダイト 94, 
95 を合成した。その後、核酸自動合成機を用いて第１章４節で述べたホスホロアミダ




を繰り返すことで siRNA1-5 を合成した。今回合成した siRNA1-5 の塩基配列はホタル
ルシフェラーゼを標的とした配列である。 
次に、合成した siRNA1-5 の融解温度の測定を行った（Table 1）。 
 
siRNA 1 - 5

























Table 1. Sequence of siRNAs a and melting temperatures (Tm)
siRNA siRNA sequence Tm (℃)
wt         5’ - CUUACGCUGAGUACUUCGAdTdT - 3’3’ - dTdTGAAUGCGACUCAUGAAGCU - 5
        5’ - CdUxdUACGCUGAGUACdUxdUCGAdTdT - 3’





        5’ - CUUACGCUGAGUACUUCGAdUxdU - 3’
3’ - dTdTGAAUGCGACUCAUGAAGCU - 5
        5’ - CUUACGCUGAGUACUUCGAdUxdUdT - 3’
3’ - dTdTGAAUGCGACUCAUGAAGCU - 5
        5’ - CUUACGCUGAGUACUUCGAdTxdT - 3’
3’ - dTdTGAAUGCGACUCAUGAAGCU - 5
        5’ - CUUACGCUGAGUACUUCGAdTxdTdT - 3’







a dTdT corresponds to the deoxythymidine-based modification. dUxdU corresponds
to the deoxyuridine-based modification. The top strand is the passenger strad. The 
bottom strand is the quide strand. The guide strand is 5’-phosphorylated.
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評価の結果 100pMから 800pMの高い濃度において siRNA wt と同等の標的タンパク
質の生成を阻害する活性を有することが分かった。また、それぞれの siRNA の半数阻
害濃度 IC50を測定したところ、siRNA wt では IC50=5 pM、siRNA1 は 66.9 pM、siRNA2
は 22.7 pM、siRNA3 は 5.94 pM、siRNA4 は 3.51 pM、siRNA5 は 22.8 pMという




動を用いて siRNAの分解状況を観察した（Figure 5）。 
Figure 4. Reduction in firefly luciferase protein expression related to the potency of phenylethyl phosphate modified 
siRNA 1 – 5 using the dual-luciferase reporter assay. 
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Figure 5 の最も高い位置にあるスポットが分解されていない siRNAである。また、時
間が経過するごとに低い位置に現れる複数のスポットが分解した siRNA を示している。
評価の結果、化学修飾を行っていない siRNA wt の場合、30分後にはほとんどの siRNA
が分解さていることが分かる。また、塩基配列の内部に化学修飾を行なった siRNA1 も
























































アセタール保護の脱保護を行うことでジオール 100 を合成した。続いてジオール 100
を塩基性条件下でアルキルブロミドと反応させることでジアルキルグリセロール誘導
体 101 を高収率で合成することができた。最後に水素添加によりベンジル保護を脱保
護することによって目的のジアルキルグリセロール 102 の合成に成功した。 
 次にジヌクレオチド誘導体98の合成に用いる長鎖のアルキル鎖を有する没食子酸誘









THF, r.t., 1.5 h
O
O
OBn TsOH・H2O (0.1 eq.)












Pd / C (5 wt%)






Scheme 3. Synthesis of dialkyl glycerol 102.


























































THF, r.t., 3 h
2N HCl aq.
acetone, 40 ℃, 8 h
NaBH4 (2.0 eq.)
iPrOH / THF = 1 : 1
r.t., o.n., 12 h
H2
Pd(OH)2 (5 wt%)
MeOH / THF = 1 : 1








DMF, 70 ℃, 19 h
111
64%
Scheme 4. Synthesis of galic acid derivative 111.
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99%で合成した。続いて、 二酸化マンガンでベンジルアルコール 105 を酸化し、アル
デヒド 106 を収率 96%で合成した。ここでアルデヒド 106 に対して Wittig 反応を行
うことでビニルエーテル 107 を合成し、続けて酸性条件で反応を行うことでアルデヒ
ド 107 から１炭素増炭したアルデヒド 108 を合成した。そして、水素化ホウ素ナトリ
ウムによってアルデヒド 108 を還元することでβ-フェネチルアルコール 109 を収率
64%で合成した。最後に水素添加によってBn基を脱保護し、アルキルブロマイドと塩
基性条件下で反応させることで目的の没食子酸誘導体 111 の合成に成功した。 
 次にトリフルオロエチルエステル型ジヌクレオチド87と長鎖アルコールとしてオク
タデカノール、ジアルキルグリセロール 102、没食子酸誘導体 111 を用いて長鎖のア




































































PPh3 (3 mol %)





























いてエステル交換反応を行ったところ、目的のトリエステル 112-114 を 70-80%の収
率で合成することができた。そしてトリエステル 112-114 に対して TBS 基の脱保護、
Allyl 基の脱保護を順次行うことで目的の長鎖のアルキル鎖を有するジヌクレオチド誘
導体 96-98 を収率良く合成することができた。 




























第４節 キュバンを用いた siRNAの新規化学修飾法の開発 
 
これまでにオンタリオ工科大学のProf. Desaulniers のグループでは糖骨格の代わり




























































Dioxane, r.t. 3 days
NaOH (3.0 eq.)
MeOH, reflux, 2 h
conc. H2SO4
hv, conc. HCl









Figure 7. Two- and three-dimensional body diagonal views of cubane and benzene.  
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（Scheme 6, continued） 
 
まず、シクロペンタノン 118 からキュバン 126 までの合成はTsanaktsidis らの報告[12]
を基に行った。その後、エステルをアルコールへと還元し、２つのヒドロキシ基のうち
１つのヒドロキシ基のみをDMTr 保護することで保護体 127 の合成に成功した。そし
て最後に保護体 127 のヒドロキシ基に対してホスホロアミダイト化を行い、キュバン
誘導体 128 を合成した。 










































Table 2. Sequence of siRNAs a
siRNA siRNA sequence






a X corresponds to the cubane modification. The top strand is 
the passenger strad. The bottom strand is the guide strand. 
The guide strand is 5’-phosphorylated.
        5’ - CUUACGCUGAGUACUUCGAdTX - 3’
3’ - dTdTGAAUGCGACUCAUGAAGCU - 5
        5’ - CUUACGXUGAGUACUUCGAdTdT - 3’
3’ - dTdTGAAUGCGACUCAUGAAGCU - 5
        5’ - CUUACGCUGAXUACUUCGAdTdT - 3’
3’ - dTdTGAAUGCGACUCAUGAAGCU - 5
        5’ - CUUACGCUGAGUACUUCGAX - 3’
3’ - dTdTGAAUGCGACUCAUGAAGCU - 5
        5’ - CUUACGCUGAGUACUUCGAdTdT - 3’
3’ - dTdTGAAUGCGXCUCAUGAAGCU - 5
  5’ - CUUACGCUGAGUACUUCGAdTdT - 3’
3’ - XGAAUGCGACUCAUGAAGCU - 511
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半数阻害濃度 IC50を測定したところ、siRNA wt では IC50=83.9 pM、siRNA6 では 83.9 
pM、siRNA7 では 45.39 pM、siRNA8 では 108.8 pM、siRNA9 では 152.5 pM、
siRNA10 では 305.5 pM、siRNA11 では 101.9 pMという値を示し、特に siRNA7 と
8 においては siRNA wtよりも優れた標的タンパク質の生成阻害能を有することが分か
った。 
 続いて、キュバン骨格を２つ導入した siRNAの塩基配列を以下に示す（Table ３）。 
 
次に siRNA12-15 の標的タンパク質の生成阻害能の評価結果を以下に示す（Figure 9）。 
Co
ntr

































Table 3. Sequence of siRNAs a
siRNA siRNA sequence
wt         5’ - CUUACGCUGAGUACUUCGAdTdT - 3’3’ - dTdTGAAUGCGACUCAUGAAGCU - 5
12
14
        5’ - CUUACGXUGAGUACUUCGAdTdT - 3’
3’ - dTdTGAAUGCGXCUCAUGAAGCU - 5
        5’ - CUUACGCUGAXUACUUCGAdTdT - 3’
3’ - dTdTGAAUGCGXCUCAUGAAGCU - 5
13    5’ - CUUACGXUGAGUACUUCGAdTdT - 3’3’ - XGAAUGCGACUCAUGAAGCU - 5
15         5’ - CUUACGCUGAXUACUUCGAdTdT - 3’3’ - XGAAUGCGACUCAUGAAGCU - 5
a X corresponds to the cubane modification. The top strand is 
the passenger strad. The bottom strand is the guide strand. 
The guide strand is 5’-phosphorylated.
control wt 6 7 8 9 10 11 
Figure 8. Reduction in firefly luciferase protein expression related to the potency of phenylethyl phosphate modified 
siRNA 6 – 11 using the dual-luciferase reporter assay. 
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評価の結果、siRNA12-14 においては 5000pMの高濃度にて siRNAと同等の標的タ




















































5000 pM 2500 pM 1000 pM
control wt 12 13 1  15 
Figure 9. Reduction in firefly luciferase protein expression related to the potency of phenylethyl phosphate modified 
siRNA 6 – 11 using the dual-luciferase reporter assay. 
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第３章 
第 5節 siRNAの化学修飾に向けたアゾベンゼン誘導体の合成 
 
Prof. Desaulniers のグループではアゾベンゼンを siRNAの塩基配列内に導入するこ
とで、光照射によるアゾベンゼンの異性化反応を応用して siRNAの活性を光照射によ
って制御することを報告している (Figure 10-A) [13]。さらに近年ではアゾベンゼンの
オルト位にクロロ基を導入することで、可視光で siRNAの活性の制御が可能であるこ
とも報告している[14]。これにより、紫外線を用いないことで細胞内のDNAに影響を
与えることなく siRNAの光照射による活性制御を可能にした（Figure 10-B）。 



















































後、加水分解を行うことでカルボン酸 133 を合成した[16]。次に、TBS 保護を行ったエ
タノールアミンとカルボン酸 133 によって縮合反応を行うことでアミド 134 を合成し
た。ここで、DBUとNCSを用いたアニリンのアゾベンゼン骨格の構築[17]によりアゾベ
















































1N NaOH, reflux, 14 h






DMF, r.t., 12 h
DBU (2.0 eq.)
NCS (2.0 eq.)

























EtOH, r.t., 3 h
NH2
F F NBS (1.0 eq.)
MeCN, r.t., 15 h
130
DMTCl (1.0 eq.)















Scheme 7. Synthesis of o-fluoroazobenzene derivative 129.
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 続いてアゾベンゼン誘導体 136 を用いて光照射による異性化反応を行った。その結
果、長波長の黄色や緑、オレンジ色の可視光を照射することで E 体から Z 体への異性

































General. All reactions were performed under a nitrogen atmosphere with magnetic stirring. 
Column chromatography on silica gel was performed with Fuji Silysia BW-127ZH. Preparative 
TLC was performed on Wakogel B-5F/TLC-cards (20 2́0 0́.7 cm). Materials were purchased from 
commercial suppliers (Aldrich, TCI, Kanto) and used without further purification. Organic 
solvents were purified and dried by standard procedures. 
NMR spectra were recorded on a Bruker spectrometer Avance III HD 500 at 500 MHz (1H NMR), 
126 MHz (13C NMR), 202 MHz (31P NMR), and 470 MHz (19F NMR). In CDCl3, 
tetramethylsilane (0.00 ppm) was used as an internal standard in 1H NMR, whereas the middle 
line of the solvent signal (77.0 ppm) was used in 13C NMR. 85% H3PO4 (0.0 ppm) was used as 
external standard in 31P NMR. Hexafluorobenzene (0.0 ppm) was used as internal standard in 19F 
NMR. ESI-MS was recorded on JEOL AccuTOF JMS-T100 LC mass spectrometer. Infrared 





To a solution of tris(2,2,2-trifluoroethyl) phosphate 1 (991 mg, 2.88 mmol), 85 (917 mg, 2.40 
mmol) and flame-dried MS4A (917 mg) in toluene (24 mL) was added DBU (1,8-
diazabicyclo[5.4.0]undec-7-ene) (365 mg, 2.40 mmol) at 0°C under N2. After stirred for 5 h at 
room temperature under N2, the reaction was quenched by addition of phosphate buffer (pH 7) at 
0 °C. The mixture was extracted with ethyl acetate. The combined extracts were washed 
successively with water and brine, dried over Na2SO4, and concentrated in vacuo. The residue 
was purified by column chromatography on silica (hexane / ethyl acetate = 1 / 2) to give 86 as a 














DBU (1.0 eq), MS4A (100 wt%)

















butyldimethylsilyl)oxy)tetrahydrofuran-2-yl)methyl bis(2,2,2-trifluoroethyl) phosphate 
(86) 
1H NMR (500 MHz, CDCl3) δ 7.78 (d, J = 7.3 Hz, 1H), 6.24 (t, J = 6.2 Hz, 1H), 6.03 (ddt, Jd = 
17.1, 10.4 Hz, Jt = 5.7 Hz, 1H), 5.93 (d, J = 7.4 Hz, 1H), 5.38 (ddt, Jd = 17.2, 1.5 Hz, Jt = 1.5 Hz, 
1H), 5.28 (ddt, Jd = 10.5, 1.2 Hz, Jt = 1.2 Hz, 1H), 4.90 (ddt, Jd = 5.8, 1.2 Hz, Jt = 1.2 Hz, 2H), 
4.45-4.29 (m, 7H), 4.06-4.05 (m, 1H), 2.51 (ddd, J = 18.9, 6.9, 5.3 Hz, 1H), 2.15 (ddd, J = 19.4, 
7.1, 5.7 Hz, 1H), 0.89 (s, 9H), 0.08 (s, 3H), 0.07 (s, 3H). 
13C NMR (126 MHz, CDCl3) δ 171.0, 155.5, 142.1, 131.9, 122.1 (dq, Jd = 9.3 Hz, Jq = 278.3 Hz), 
118.7, 95.8, 86.9, 84.6 (d, J = 7.3 Hz), 70.4, 67.7, 67.4 (d, J = 6.7 Hz), 64.1 (dq, Jd = 4.3 Hz, Jq = 
38.5 Hz), 41.4, 25.6, 17.9, -4.8, -5.2. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -1.1; 19F NMR (470 MHz, CDCl3, 
Internal standard: Hexafluorobenzene) δ 86.47 (t, J = 7.9 Hz). 
IR (ATR) 2951, 2858, 1663, 1628, 1545, 1451, 1399, 1302, 1274, 1163 cm-1.  
MS (ESI) m/z 649 (M+Na)+. 




To a toluene (10 mL) and THF (5 ml) solution of 4-(allyloxy)-1-((2R,4S,5R)-5-((bis(4-
methoxyphenyl)(phenyl)methoxy)methyl)-4-hydroxytetrahydrofuran-2-yl)pyrimidin-2(1H)-one 
(1.2 g, 2.1 mmol) was added 2.1 mL of a 1.0 M hexane solution of lithium tert-butoxide (2.1 
mmol) at 0°C. After stirred for 1 h at 0°C, a toluene solution (5 mL) of 86 (1.3 g, 2.0 mmol) was 
added to the mixture at –45°C. After being stirred for 5 h at –45°C and then 1.5 h at 0 ℃, the 
reaction was quenched by addition of phosphate buffer (pH 7) at room temperature. The mixture 





















Toluene, -45℃, 10 h


















and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / ethyl acetate = 1 / 2) to give 87 (2.0 g, 84%) as a diastereoemer 




yl)methyl) (2,2,2-trifluoroethyl) phosphate (87) 
1H NMR (500 MHz, CDCl3) δ 7.82 (d, J = 1.0 Hz, 1H, one diastereomer), 7.80 (d, J = 1.0 Hz, 
1H, the other diastereomer), 7.58 (d, J = 1.0 Hz, 1H, the other diastereomer), 7.55 (d, J = 1.0 Hz, 
1H, one diastereomer), 7.37-7.33 (m, 2H), 7.31-7.22 (m, 7H), 6.84-6.81 (m, 4H), 6.46 (ddd, J = 
5.4, 7.9, 13.1 Hz, 1H), 6.24 (dt, Jd = 12.0 Hz, Jt=6.0 Hz, 1H), 6.08-5.99 (m, 2H), 5.41-5.35 (m, 
2H), 5.29-5.24 (m, 2H), 5.18-5.10 (m, 1H), 4.93-4.86 (m, 4H), 4.41-4.14 (m, 6H), 4.03-4.00 (m, 
1H, the other diastereomer), 3.99-3.95 (m, 1H, one diastereomer), 3.79 (s, 6H), 3.56-3.51 (m, 1H), 
3.41-3.33 (m, 1H), 2.85-2.79 (m, 1H), 2.48-2.40 (m, 1H), 2.39-2.32 (m, 1H), 2.17-2.09 (m, 1H), 
1.95 (d, J = 1.0 Hz, 3H, one diastereomer), 1.94 (d, J = 1.0 Hz, 3H, the other diastereomer), 1.55 
(d, J = 0.9 Hz, 3H, one diastereomer), 1.53 (d, J = 0.9 Hz, 3H, the other diastereomer), 0.883 (s, 
9H, the other diastereomer), 0.875 (s, 9H, one diastereomer), 0.08 (s, 3H, the other diastereomer), 
0.07 (s, 3H, the other diastereomer), 0.062 (s, 3H, one diastereomer), 0.056 (s, 3H, one 
diastereomer). 
13C NMR (126 MHz, CDCl3) δ 170.07, 170.05, 170.01, 158.77, 158.76, 155.64, 155.63, 155.5, 
144.00, 143.98, 139.4, 139.3, 139.2, 135.00, 134.98, 132.13, 132.10, 132.0, 130.0, 128.02, 127.97, 
127.21, 127.19, 122.3 (q, J = 278.3 Hz), 118.2, 118.1, 113.3, 105.2, 105.1, 104.9, 104.8, 87.2, 
86.6, 86.4, 86.0, 85.8, 84.7-84.4 (m), 79.52 (d, J = 5.1 Hz), 79.48 (d, J = 4.4 Hz), 70.7, 70.5, 67.7 
(d, J = 8.3 Hz), 67.4 (d, J = 6.2 Hz), 67.2 (d, J = 6.2 Hz), 64.3-63.3 (m), 62.9 (d, J = 3.1 Hz), 55.2, 
41.3 (d, J = 1.9 Hz), 40.0 (d, J = 4.2 Hz), 39.9 (d, J = 4.1 Hz), 25.6, 17.8, 12.0, 11.60, 11.56, -
4.70, -4.73, -5.0. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -1.5 (one diastereomer), -1.6 (the 
other diastereomer); 19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 86.68 
(dd, J = 7.8, 7.8 Hz, one diastereomer), 86.59 (dd, J = 8.2, 8.2 Hz, the other diastereomer). 
IR (ATR) 2930, 2855, 1665, 1607, 1530, 1508, 1465, 1404, 1322, 1173, 1101, 829, 700 cm-1. 
MS (ESI) m/z 1147 (M+Na)+. 
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To a toluene (1.5 mL) solution of 2-Phenylethyl Alcohol (60 mg, 0.5 mmol) was added 0.5 mL 
of a 1.0 M hexane solution of lithium tert-butoxide (0.5 mmol) at 0°C. After stirred for 1 h at 0°C, 
a toluene solution (2 mL) of 21 (371 mg, 0.3 mmol) was added to the mixture at –45°C. After 
being stirred for 5 h at –45°C, the reaction was quenched by addition of a toluene solution (1 ml) 
of acetic acid (30 mg, 0.5 mmol) at -45℃, followed by addition of phosphate buffer (pH 7). The 
mixture was extracted with ethyl acetate. The combined extracts were washed successively with 
water and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by 
column chromatography on silica (hexane / ethyl acetate = 1 / 4) to give 88 (315 mg, 83%) as a 




butyldimethylsilyl)oxy)tetrahydrofuran-2-yl)methyl) phenethyl phosphate (88) 
1H NMR (500 MHz, CDCl3) δ 7.81 (d, J = 1.2 Hz, 1H, one diastereomer), 7.77 (d, J = 1.0 Hz, 
1H, the other diastereomer), 7.65 (d, J = 1.0 Hz, 1H, the other diastereomer), 7.60 (d, J = 1.0 Hz, 
1H, one diastereomer), 7.37-7.33 (m, 2H), 7.30-7.20 (m, 9H), 7.19-7.11 (m, 3H), 6.83-6.80 (m, 
4H), 6.45 (ddd, J = 5.6, 8.1, 15.5 Hz, 1H), 6.25 (dt, Jd = 12.7 Hz, Jt=6.3 Hz, 1H), 6.08-5.99 (m, 
2H), 5.41-5.38 (m, 2H, one diastereomer), 5.37-5.35 (m, 2H, the other diastereomer), 5.29-5.24 
(m, 2H), 5.12-5.08 (m, 1H, one diastereomer), 5.06-5.02 (m, 1H, the other diastereomer), 4.92-
4.87 (m, 4H), 4.31-4.03 (m, 6H), 3.99-3.95 (m, 1H, the other diastereomer), 3.93-3.90 (m, 1H, 
one diastereomer), 3.78 (s, 3H, the other diastereomer), 3.774 (s, 3H, one diastereomer), 3.771(s, 




































1H), 3.32 (ddd, J = 2.7, 10.7, 20.7 Hz, 1H), 2.96 (t, 1H, J = 6.9 Hz), 2.89 (dt, 1H, J = 1.8, 7.0 Hz), 
2.74 (ddd, J = 1.9, 5.5, 14.1 Hz, 1H, one diastereomer), 2.69 (ddd, J = 2.2, 5.6, 14.1 Hz, 1H, the 
other diastereomer), 2.43 (1H, dddd, J = 5.0, 6.6, 13.8, 20.5 Hz), 2.31-2.21 (m, 1H), 2.08-1.99 
(m, 1H), 1.92 (d, J = 0.9 Hz, 3H, the other diastereomer), 1.91 (d, J = 0.9 Hz, 3H, one 
diastereomer), 1.51 (d, J = 0.9 Hz, 3H, the other diastereomer), 1.50 (d, J = 0.8 Hz, 3H, one 
diastereomer), 0.88 (s, 9H, one diastereomer), 0.87 (s, 9H, the other diastereomer), 0.07 (s, 3H, 
one diastereomer), 0.06 (s, 3H, one diastereomer), 0.05 (s, 3H, the other diastereomer), 0.03 (s, 
3H, the other diastereomer). 
13C NMR (126 MHz, CDCl3) δ 170.1, 170.03, 169.98, 158.8, 155.71, 155.65, 155.63, 144.1, 
139.41, 139.36, 139.33, 136.52, 136.46, 135.2, 135.12, 135.11, 135.07, 132.21, 132.19, 132.10, 
130.1, 128.9, 128.60, 128.58, 128.1, 128.0, 127.2, 126.9, 118.2, 118.1, 113.3, 105.14, 105.05, 
104.8, 104.7, 87.1, 86.4, 86.2, 85.9, 85.8, 84.9-84.7 (m), 78.8 (d, J = 5.5 Hz), 78.6 (d, J = 5.3 Hz), 
70.8, 70.7, 68.59 (d, J = 6.0 Hz), 68.57 (d, J = 6.6 Hz), 67.75, 67.67, 66.43, 66.40, 63.2, 63.1, 
55.2, 41.53, 41.49, 40.0 (d, J = 4.4 Hz), 25.69, 25.67, 17.9, 12.1, 11.6, -4.6, -4.7, -4.99, -4.91. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -1.2 (one diastereomer), -1.3 (the 
other diastereomer). 
IR (ATR) 3059, 2928, 2854, 1655, 1533, 1465, 1402, 1322, 1249, 1176, 999, 828, 699 cm-1. 
MS (ESI) m/z 1169 (M+Na)+. 




To a toluene (5 mL) solution of 2-Phenylethyl Alcohol (322 mg, 2.6 mmol) was added 2.6 mL of 
a 1.0 M hexane solution of lithium tert-butoxide (2.6 mmol) at 0°C. After stirred for 1 h at 0°C, 
a toluene solution (3 mL) of 87 (968 mg, 0.9 mmol) was added to the mixture at –45°C. After 




































of acetic acid (156 mg, 2.6 mmol) at -45℃, followed by addition of phosphate buffer (pH 7). The 
mixture was extracted with ethyl acetate. The combined extracts were washed successively with 
water and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by 
column chromatography on silica (hexane/ethyl acetate = 1/4) to give 89 (824 mg, 83%) as a 




yl)methyl) phenethyl phosphate (89) 
1H NMR (500 MHz, CDCl3) δ 7.94 (d, J = 7.4 Hz, 1H, one diastereomer), 7.92 (d, J = 7.4 Hz, 
1H, the other diastereomer), 7.83 (d, J = 7.4 Hz, 1H, the other diastereomer), 7.79 (d, J = 7.4 Hz, 
1H, one diastereomer), 7.35-7.32 (m, 2H), 7.30-7.21 (m, 9H), 7.20-7.12 (m, 3H), 6.84-6.81 (m, 
4H), 6.33 (t, J = 6.5 Hz, the other diastereomer), 6.32 (t, J = 6.4 Hz, one diastereomer), 6.21 (t, J 
= 6.1 Hz, the other diastereomer), 6.20 (t, J = 6.1 Hz, one diastereomer), 6.07-5.97 (m, 2H), 5.85 
(d, J = 7.4 Hz, 1H), 5.62 (t, J = 7.4 Hz, one diastereomer), 5.61 (t, J = 7.4 Hz, the other 
diastereomer), 5.41-5.34 (m, 2H), 5.30-5.25 (m, 2H), 5.10-5.05 (m, 1H, the other diastereomer), 
5.03-4.99 (m, 1H, one diastereomer), 4.89-4.84 (m, 4H), 4.29-4.05 (m, 6H), 4.01-3.98 (m, 1H, 
the other diastereomer), 3.96-3.93 (m, 1H, one diastereomer), 3.782 (s, 3H, one diastereomer), 
3.780 (s, 3H, one diastereomer), 3.777 (s, 3H, the other diastereomer), 3.775 (s, 3H, the other 
diastereomer), 3.46-3.32 (m, 2H), 2.97 (t, J = 6.9 Hz, 2H, the other diastereomer), 2.91 (t, J = 7.4 
Hz, 2H, one diastereomer), 2.79 (ddd, J = 2.8, 5.8, 14.2 Hz, 1H, the other diastereomer), 2.73 
(ddd, J = 2.9, 5.8, 14.2 Hz, 1H, one diastereomer), 2.52-2.43 (m, 1H), 2.29-2.16 (m, 1H), 2.08-
1.99 (m, 1H), 0.88 (s, 9H, the other diastereomer), 0.87 (s, 9H, one diastereomer), 0.07 (s, 3H, 
the other diastereomer), 0.06 (s, 3H, the other diastereomer), 0.05 (s, 3H, one diastereomer), 0.04 
(s, 3H, one diastereomer). 
13C NMR (126 MHz, CDCl3) δ 171.01, 170.99, 170.96, 158.7, 155.6, 155.53, 155.50, 144.0,142.5, 
142.4, 142.3, 142.2, 136.53, 136.45, 135.1, 135.0, 134.9, 131.99, 131.89, 130.03, 130.01, 128.90, 
128.87, 128.62, 128.59, 128.04, 127.98, 127.2, 126.9, 118.8, 118.64, 118.62, 113.3, 95.7, 87.13, 
87.10, 86.7, 86.6, 86.4, 86.3, 84.9 (d, J = 7.6 Hz), 84.8 (d, J = 6.2 Hz), 78.0 (d, J = 4.9 Hz), 70.8, 
70.7, 68.65 (d, J = 5.4 Hz), 68.61 (d, J = 6.0 Hz), 67.73, 67.66, 66.5, 66.4, 62.69, 62.65, 55.2, 
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41.6, 41.5, 40.2 (d, J = 3.5 Hz), 36.58 (d, J = 6.8 Hz), 36.56, (d, J = 7.0 Hz), 25.7, 17.9, -4.6, -
4.7, -4.92, -4.94. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -1.1 (one diastereomer), -1.2 (the 
other diastereomer). 
IR (ATR) 3059, 2928, 2855, 1664, 1627, 1540, 1508, 1468, 1397, 1248, 1175, 999, 780 cm-1 
MS (ESI) m/z 1141 (M+Na)+. 




To a THF solution (3 mL) of 88 (355 mg, 0.3 mmol), triethylamine (0.65 mL, 4.7 mmol) was 
added triethylamine trihydrofluoride (3HF•Et3N) (0.5 mL, 3.1 mmol). After being stirred for 10 
h at 40℃, the reaction mixture was quenched by addition of saturated sodium bicarbonate at 0℃. 
The mixture was extracted with ethyl acetate. The combined extracts were washed successively 
with water and brine, dried over Na2SO4 and concentrated in vacuo. The residue was purified by 
column chromatography on silica (CHCl3 / MeOH = 9 / 1) to give 90 (261 mg, 82%) as a 




phenethyl phosphate (90) 
1H NMR (500 MHz, CDCl3) δ 7.82 (d, J = 1.0 Hz, 1H, one diastereomer), 7.80 (d, J = 1.0 Hz, 
1H, the other diastereomer), 7.64 (d, J = 1.0 Hz, 1H, one diastereomer), 7.60 (d, J = 1.0 Hz, 1H, 
the other diastereomer), 7.37-7.33 (m, 2H), 7.30-7.21 (m, 9H), 7.18-7.12 (m, 3H), 6.41-6.35 (m, 
1H), 6.31-6.25 (m, 1H), 6.08-5.99 (m, 2H), 5.40-5.38 (m, 2H, one diastereomer), 5.37-5.35 (m, 



































(m, 1H, the other diastereomer), 4.91-4.87 (m, 4H), 4.46-4.17 (m, 6H), 4.11-4.08 (m, 1H), 4.07-
3.98 (m, 1H), 3.781 (s, 3H, one diastereomer), 3.779 (s, 3H, one diastereomer), 3.775(s, 3H, one 
diastereomer), 3.780 (s, 3H, one diastereomer), 3.771(s, 3H, the others diastereomer), 3.780 (s, 
3H, the other diastereomer), 3.48 (ddd, J = 3.2, 10.7, 20.1 Hz, 1H), 3.31 (ddd, J = 2.8, 10.7, 16.1 
Hz, 1H), 2.96 (t, 1H, J = 6.8 Hz, the other diastereomer), 2.93 (t, 1H, J = 6.9 Hz, one diastereomer), 
2.89 (dd, 1H, J = 5.1, 13.6 Hz, one diastereomer), 2.71 (ddd, J = 2.1, 5.5, 14.1 Hz, 1H, the other 
diastereomer), 2.60-2.49 (m, 1H), 2.28-2.02 (m, 2H), 1.93 (d, J = 0.9 Hz, 3H, the other 
diastereomer), 1.90 (d, J = 0.9 Hz, 3H, one diastereomer), 1.56 (d, J = 0.9 Hz, 3H, one 
diastereomer), 1.55 (d, J = 0.8 Hz, 3H, the other diastereomer). 
13C NMR (126 MHz, CDCl3) δ 170.2, 170.1, 170.0, 169.9, 158.8, 158.7, 155.9, 155.8, 155.7, 
155.6, 144.1, 144.0, 139.5, 139.35, 139.28, 139.24, 136.54, 136.50, 135.13, 135.07, 135.04, 132.2, 
132.1, 132.0, 131.9, 130.06, 130.04, 130.00, 128.9, 128.6, 128.5, 128.1, 128.02, 128.00, 127.2, 
126.9, 126.8, 118.3, 118.2, 118.13, 118.08, 113.3, 105.6, 105.3, 104.9, 104.5, 87.2, 87.1, 86.17, 
86.15, 86.0, 85.9, 84.8 (d, J = 8.0 Hz), 84.6 (d, J = 6.3 Hz), 84.4 (d, J = 6.5 Hz), 84.1 (d, J = 7.4 
Hz), 79.6 (d, J = 5.1 Hz), 78.8 (d, J = 6.3 Hz), 70.2, 69.3, 68.7 (d, J = 5.4 Hz), 68.5 (d, J = 5.2 
Hz), 67.9, 67.8, 67.7, 67.6, 66.8 (d, J = 5.7 Hz), 66.2 (d, J = 5.6 Hz), 63.3, 63.0, 55.2, 41.1, 41.0, 
40.1, 39.8, 36.6 (d, J = 7.2 Hz), 36.5 (d, J = 7.3 Hz), 12.15, 12.11, 11.6. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -1.0 (one diastereomer), -1.6 (the 
other diastereomer). 
IR (ATR) 3335, 2930, 1661, 1530, 1465, 1403, 1321, 1248, 1175, 1114, 997, 826, 780, 699 cm-1. 
MS (ESI) m/z 1055 (M+Na)+. 







To a THF solution (3 mL) of 89 (797 mg, 0.7 mmol), triethylamine (1.5 mL, 10.5 mmol) was 
added triethylamine trihydrofluoride (3HF•Et3N) (1.1 mL, 7 mmol). After being stirred for 12 h 
at 40℃, the reaction mixture was quenched by addition of saturated sodium bicarbonate at 0℃. 
The mixture was extracted with ethyl acetate. The combined extracts were washed successively 
with water and brine, dried over Na2SO4 and concentrated in vacuo. The residue was purified by 
column chromatography on silica (CHCl3 / MeOH = 9 / 1) to give 91 (600 mg, 84%) as a 





1H NMR (500 MHz, CDCl3) δ 7.94 (d, J = 7.4 Hz, 1H, one diastereomer), 7.90 (d, J = 7.4 Hz, 
1H, the other diastereomer), 7.83 (d, J = 7.4 Hz, 1H, the other diastereomer), 7.77 (d, J = 7.4 Hz, 
1H, one diastereomer), 7.35-7.31 (m, 2H), 7.31-7.21 (m, 9H), 7.20-7.15 (m, 3H), 6.85-6.81 (m, 
4H), 6.31-6.20 (m, 2H), 6.06-5.96 (m, 2H), 5.86 (d, J = 7.4 Hz, 1H, one diastereomer), 5.80 (d, J 
= 7.4 Hz, 1H, the other diastereomer), 5.70 (d, J = 7.4 Hz, 1H, the other diastereomer), 5.66 (d, J 
= 7.4 Hz, 1H, one diastereomer), 5.41-5.35 (m, 2H), 5.30-5.25 (m, 2H), 5.09-5.05 (m, 1H, the 
other diastereomer), 4.98-4.94 (m, 1H, one diastereomer), 4.89-4.84 (m, 4H), 4.43-4.00 (m, 9H), 
3.788 (s, 6H), 3.49-3.34 (m, 2H), 2.97 (t, J = 6.8 Hz, 2H, one diastereomer), 2.94 (t, J = 6.9 Hz, 
2H, the other diastereomer), 2.88 (ddd, 1H, J = 1.5, 5.2,14.2 Hz, the other diastereomer), 2.76 
(ddd, 1H, J = 2.8, 5.7, 14.2 Hz, one diastereomer), 2.63-2.53 (m, 1H), 2.22-2.13 (m, 2H, the other 
diastereomer), 2.05 (dt, Jd = 13.8 Hz, Jt = 6.4 Hz, 2H, one diastereomer). 
13C NMR (126 MHz, CDCl3) δ 171.2, 171.1, 171.00, 170.95, 158.7, 155.8, 155.64, 155.58, 155.54, 
144.02, 143.97, 142.4, 142.30, 142.28, 142.16, 136.6, 136.5, 135.0, 134.9, 132.0, 131.9, 131.8, 




































118.6, 113.3, 96.1, 95.84, 95.76, 95.5, 87.14, 87.13, 86.62, 86.56, 86.44, 86.39, 84.8 (d, J = 7.3 
Hz), 84.7 (d, J = 6.3 Hz), 84.5 (d, J = 6.1 Hz), 84.3 (d, J = 7.3 Hz), 79.0 (d, J = 4.5 Hz), 78.1 (d, 
J = 5.6 Hz), 70.3, 69.5, 68.7 (d, J = 5.7 Hz), 68.6 (d, J = 6.2 Hz), 67.9, 67.8, 67.70, 67.66, 66.7 
(d, J = 6.4 Hz), 66.3 (d, J = 5.2 Hz), 62.9, 62.6, 41.1, 41.0, 40.2, 40.1, 36.6 (d, J = 7.2 Hz), 36.5 
(d, J = 6.9 Hz). 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -1.1 (the other diastereomer), -1.4 
(one diastereomer); IR (ATR) 3334, 2936, 16511, 1627, 1540, 1469, 1397, 1301, 1248, 1175, 
1114, 998, 827, 699 cm-1. 
MS (ESI) m/z 1027 (M+Na)+. 




To a heterogeneous mixture of 90 (228 mg, 0.22 mmol) and diethylammonium 
hydrogencarbonate (356 mg, 2.6 mmol) in CH2Cl2 (2 ml) was added Pd(PPh3)4 (13mg, 0.01 
mmol) and PPh3 (2 mg, 0.008 mmol). After being stirred for 3 h at room temperature, the reaction 
mixture was concentrated and the residue was purified by column chromatography on silica 
(CHCl3 / MeOH = 100 / 1, then 10 / 1) to give 92 (200 mg, 96%) as a diastereomer mixture (1.1:1). 
(2R,3S,5R)-2-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-5-(5-methyl-2,4-dioxo-3,4-
dihydropyrimidin-1(2H)-yl)tetrahydrofuran-3-yl (((2R,3S,5R)-3-hydroxy-5-(5-methyl-2,4-
dioxo-3,4-dihydropyrimidin-1(2H)-yl)tetrahydrofuran-2-yl)methyl) phenethyl phosphate 
(92) 
1H NMR (500 MHz, CDCl3) δ 10.30-9.40 (br, 2H), 7.54 (dd, J = 0.9, 6.4 Hz, 1H), 7.35 (d, J = 7.6 
Hz, 2H), 7.32-7.20 (m, 10H), 7.19-7.12 (m, 3H), 6.85-6.81 (m, 4H), 6.36 (dt, Jd = 9.2 Hz, Jt = 4.6 
Hz, 1H), 6.26 (dt, Jd = 6.9 Hz, Jt = 6.9 Hz, 1H), 5.09 (t, J = 5.0 Hz, 1H, one diastereomer), 4.97 




































1H, the other diastereomer), 4.30-4.09 (m, 5H), 4.08-4.00 (m, 1H), 3.77 (s, 6H), 3.46 (dt, Jd = 2.7 
Hz, Jt = 11.0 Hz, 1H), 3.33 (dd, J = 2.3, 10.6 Hz, 1H, the other diastereomer), 3.28 (dd, J = 2.2, 
10.6 Hz, 1H, one diastereomer), 2.95 (t, J = 6.8 Hz, 2H, one diastereomer), 2.91 (t, J = 7.0 Hz, 
2H, the other diastereomer), 2.66 (dd, J = 5.1, 13.7 Hz, 1H, one diastereomer), 2.66 (dd, J = 5.1, 
13.7 Hz, 1H, one diastereomer), 2.49 (dd, J = 5.5, 13.2 Hz, 1H, the other diastereomer), 2.43-2.27 
(m, 2H), 2.17-2.06 (m, 1H), 1.86 (d, J = 0.9 Hz, 3H, the other diastereomer), 1.85 (d, J = 0.9 Hz, 
3H, one diastereomer), 1.42 (d, J = 0.8 Hz, 3H, the other diastereomer), 1.40 (d, J = 0.8 Hz, 3H, 
one diastereomer). 
13C NMR (126 MHz, CDCl3) δ 164.0, 163.9, 163.81, 163.80, 158.8, 151.0, 150.9, 150.5, 144.1, 
144.0, 136.6, 136.5, 135.7, 135.5, 135.1, 135.03, 135.00, 134.96, 130.1, 128.9, 128.60, 128.57, 
128.1, 128.0, 127.3, 126.9, 113.3, 112.0, 111.8, 111.3, 111.1, 87.3, 87.2, 85.3, 85.2, 84.6-84.3 
(m), 79.6 (d, J = 4.8 Hz), 79.2 (d, J = 5.3 Hz), 71.0, 70.9, 68.70 (d, J = 5.9 Hz), 68.68 (d, J = 5.3 
Hz), 67.3 (d, J = 6.3 Hz), 67.0 (d, J = 5.4 Hz), 63.4, 63.3, 40.6, 39.9, 39.1, 38.7, 36.6 (d, J = 7.2 
Hz), 36.5 (d, J = 6.2 Hz), 12.4, 11.7; 31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) 
δ -1.3 (the other diastereomer), -2.0 (one diastereomer). 
IR (ATR) 3167, 2959, 2831, 1677, 1605, 1507, 1366, 1248, 1175, 999, 825, 699 cm-1. 
MS (ESI) m/z 975 (M+Na)+. 




To a heterogeneous mixture of 91 (570 mg, 0.57 mmol) and diethylammonium 
hydrogencarbonate (923 mg, 6.8 mmol) in CH2Cl2 (6 ml) was added Pd(PPh3) (33mg, 0.03 mmol) 
and PPh3 (5 mg, 0.02 mmol). After being stirred for 2 h at room temperature, the reaction mixture 
was concentrated and the residue was purified by column chromatography on silica (CHCl3 / 






































dihydropyrimidin-1(2H)-yl)-3-hydroxytetrahydrofuran-2-yl)methyl) phenethyl phosphate 
(93) 
1H NMR (500 MHz, CDCl3) δ 10.28-9.82 (br, 2H), 7.64 (d, J = 8.1 Hz, 1H, one diastereomer), 
7.63 (d, J = 8.2 Hz, 1H, the other diastereomer), 7.48 (d, J = 8.2 Hz, 1H, the other diastereomer), 
7.42 (d, J = 8.2 Hz, 1H, one diastereomer), 7.35-7.20 (m, 10H), 7.19-7.12 (m, 3H), 6.85-6.81 (m, 
4H), 6.26 (dt, Jd = 7.9 Hz, Jt = 5.4 Hz, 1H), 6.20 (t, J = 6.5 Hz, 1H), 5.68 (d, J = 8.1 Hz, 1H, one 
diastereomer), 5.67 (d, J = 8.1 Hz, 1H, the other diastereomer), 5.40 (d, J = 8.2 Hz, 1H, the other 
diastereomer), 5.38 (d, J = 8.4 Hz, 1H, one diastereomer), 5.10-5.06 (m, 1H, the other 
diastereomer), 4.97-4.93 (m, 1H, one diastereomer), 4.44-4.40 (m, 1H, the other diastereomer), 
4.39-4.35 (m, 1H, one diastereomer), 4.30-4.01 (m, 7H), 3.764 (s, 3H), 3.762 (s, 3H), 3.43-3.31 
(m, 2H), 2.95 (t, J = 6.7 Hz, 2H, one diastereomer), 2.91 (t, J = 6.9 Hz, 2H, the other diastereomer), 
2.69-2.64 (m, 1H, the other diastereomer), 2.53-2.47 (m, 1H, one diastereomer), 2.44-2.04 (m, 
4H). 
13C NMR (126 MHz, CDCl3) δ 163.6, 163.5, 163.38, 163.35, 158.7, 150.9, 150.7, 150.5, 144.0, 
143.9, 140.0, 139.85, 139.76, 139.5, 136.6, 136.5, 134.9, 134.8, 130.1, 130.0, 128.93, 128.91, 
128.6, 128.0, 127.2, 126.9, 113.3, 102.8, 102.75, 102.66, 102.5, 87.3, 85.7, 85.5, 84.81, 84.76, 
84.6-84.5 (m), 78.8 (d, J = 4.3 Hz), 70.83, 70.76, 68.75 (d, J = 5.8 Hz), 67.0 (d, J = 4.9 Hz), 63.0, 
55.2, 40.1, 40.0, 39.3, 36.53 (d, J = 6.6 Hz), 36.48 (d, J = 5.5 Hz).  
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -1.3 (the other diastereomer), -1.9 
(one diastereomer). 
IR (ATR) 3053, 1675, 1507, 1458, 1379, 1246, 1175, 999, 825, 749, 699 cm-1. 
MS (ESI) m/z 947 (M+Na)+. 











tBuOK (1.3 g, 12 mmol) was dissolved in THF (23 ml) and cooled to 0℃, then treated with a THF 
solution (10 ml) of (S)-5 (1.3 g, 10 mmol). After stirred for 1 h, the reaction mixture was treated 
with benzyl bromide (1.8mlg, 15 mmol) and warmed to room temperature. After stirred for 1 h, 
the reaction mixture was cooled to 0℃ and quenched by addition ofsaturated NH4Cl aqeous 
solution. The mixture was extracted with AcOEt. The combined extracts were washed with 
aqueous brine, dried over Na2SO4, and concentrated in vacuo. The residue was dissolved in 
MeOH (100 ml) and H2O (10 ml). The reaction mixture was treated with p-toluene sulfonic acid 
monohydrate (190 mg, 1 mmol). After stirred for 9 h at 40℃, the reaction was quenched by 
addition of Et3N. The mixture was concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / ethyl acetate = 1 / 4) to give a diol 100 as a white powder (1.7 
g, 96%).  
(R)-3-(benzyloxy)propane-1,2-diol (100) 
1H NMR (500 MHz, CDCl3) δ 7.36-7.28 (m, 5H), 4.55 (s, 2H), 3.90-3.82 (m, 1H), 3.72-3.68 (m, 
1H), 3.64-3.60 (m, 1H), 3.57 (dd, J = 9.6, 4.0 Hz, 1H), 3.53 (dd, J = 9.6, 6.3 Hz, 1H), 2.81 (d, J 
= 4.3 Hz, 1H), 1.78 (br, 1H). 
 
 
To a solution of 100 (1.7 g, 9.5 mmol) in dioxane (8 ml) was added NaH (1.5 g, 38 mmol), then 
a dioxane solution (8 ml) of stearyl bromide (12.6 g, 38 mmol) at room temperature. The reaction 
mixture was refluxed for 5 h, at which point TLC (AcOEt / Hexane = 4 / 1) indicated complete 
consumption of 100. The reaction mixture was cooled to room temperature and quenched by 
addition of saturated NH4Cl aqueous solution. The resulting mixture was extracted with AcOEt 






THF, r.t., 1.5 h
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in vacuo. The residue was purified by column chromatography on silica (hexane / ethyl acetate = 
20 / 1) to give 101 as a white powder (6.4 g, 98%). 
(R)-((2,3-bis(octadecyloxy)propoxy)methyl)benzene (101) 
1H NMR (500 MHz, CDCl3) δ 7.34-7.27 (m, 5H), 4.55 (s, 2H), 3.61-3.47 (m, 7H), 3.43 (t, J = 6.7 
Hz, 2H), 1.58-1.51 (m, 4H), 1.25 (m, 60H), 0.88 (t, J = 7.0 Hz). 
 
 
To a solution of 101 (6.4 g, 9.3 mmol) in Hexane (15 ml) and AcOEt (15 ml) was added Pd / C 
(320 mg). After stirred for 18 h at room temperature under H2, the reaction mixture was filtered 
on Celite and rinsed withAcOEt. The filtrate was concentrated in vacuo. The residue was purified 
by column chromatography on silica (hexane / ethyl acetate = 9 / 1) to give 102 (5.3 g, 95%) as a 
white solid. 
(S)-2,3-bis(octadecyloxy)propan-1-ol (102) 
1H NMR (500 MHz, CDCl3) δ 3.74-3.70 (m, 1H), 3.64-3.58 (m, 2H), 3.55-3.41 (m, 6H), 2.18 (dd, 




To a solution of 103 (1.98 g, 10 mmol) and K2CO3 (5.52 g, 40 mmol) in DMF was added Benzyl 
bromide (4.8 ml, 40 mmol). After stirred for 15 h at 70℃, the reaction mixture was quenched by 
addition of phosphate buffer (pH 7) at room temperature. The resulting mixture was extracted 
with AcOEt thrice. The combined extracts were washed with H2O×3 and brine, dried over Na2SO4, 
and concentrated in vacuo. Hexane was added to the residue. The white solid was filtered, washed 
with cooled hexane, and dried under reduced pressure to give 104 as a white solid (4.59g, 98%). 
Ethyl 3,4,5-tris(benzyloxy)benzoate (104) 
1H NMR (500 MHz, CDCl3) δ 7.43-7.23 (m, 17H), 5.14-5.11 (m, 6H), 4.35 (q, J = 7.1 Hz, 2H), 
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To a solution of 104 (4.1 g, 8.7 mmol) in THF (35 ml) was added LiAlH4 (398 mg, 1.2 mmol) at 
0℃.	The reaction mixture was warmed to room temperature and stirred for 1.5 h, at which point 
TLC (AcOEt / Hexane = 1 / 4) indicated complete consumption of 104. The reaction mixture was 
quenched by addition of 0.4 ml of H2O, 0.4 ml of 15% NaOH aqueous solution, and 1.2 ml H2O. 
The precipitate was filtered on Celite and washed with AcOEt. The filtrate was dried over Na2SO4, 
and concentrated in vacuo to give 105 as a white solid (3.69 g, 99%). 
(3,4,5-tris(benzyloxy)phenyl)methanol (105) 
1H NMR (500 MHz, CDCl3) δ 7.43-7.24 (m, 15H), 6.67 (s, 2H), 5.11-5.05 (m, 6H), 4.57 (d, J = 
4.7 Hz, 2H), 1.64 (t, J = 5.1 Hz, 1H). 
 
 
To a CH2Cl2 solution (29 ml) of 105 (3.67 g, 8.62 mmol) was added MnO2 (7.5 g, 86 mmol). The 
reaction mixture was refluxed for 4 h, at which point TLC (AcOEt / Hexane = 1 / 2) indicated 
complete consumption of 105. The reaction mixture was cooled to room temperature, filtered on 
Celite, and washed with CH2Cl2. The filtrate was concentrated in vacuo to give the desired product 
106 (3.51 g, 8.24 mmol) as a white solid. 
3,4,5-tris(benzyloxy)benzaldehyde (106) 






























To a soltion of (Methoxymethyl)triphenylphosphonium Chloride (515 mg, 1.5 mmol) in THF 
(5 ml) was added t-BuOK (168 mg, 1.5 mmol) at 0℃. After stirred for 30 min, the reaction 
mixture was treated with a solution of 106 (425 mg, 1.0 mmol) and stirred for 2.5 h at room 
temperature. The reaction mixture was quenched by addition of phosphate buffer (pH=7). 
The resulting mixture was extracted with AcOEt thrice. The combined extracts were dried over 
Na2SO4 and concentrated in vacuo. The residue was dissolved in acetone (10 ml). The mixture 
was treated with 2N HCl aqueous solution (2 ml) and warmed to 40℃. After stirred for 8 h, the 
reaction mixture was cooled to 0℃ and quenched by addition of phosphate buffer (pH=7). The 
resulting mixture was extracted with AcOEt thrice. The combined extracts were washed with 
saturated NHCO3 aqueous solution, H2O, and brine, dried over Na2SO4, and concentrated in vacuo. 
The residue was dissolved in i-PrOH (5 ml) and THF (5 ml). The micxture was treated with 
NaBH4 (46 mg, 1.2 mmol) and stirred for 50 min. The reaction mixture was quenched by addition 
of 1N HCl queous solution. The mixture was extracted with AcOEt thrice. The combined extracts 
were dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane / ethyl acetate = 2 / 1) to give a 109 as a white solid (335 mg, 
76% from 106). 
2-(3,4,5-tris(benzyloxy)phenyl)ethan-1-ol (109) 
1H NMR (500 MHz, CDCl3) δ 7.44-7.25 (m, 15H), 6.51 (s, 2H), 5.10-5.03 (m, 6H), 3.78 (t, J = 
























THF, r.t., 3 h
2N HCl aq.







iPrOH / THF = 1 : 1





To a solution of 109 (2.5 g, 5.7 mmol) in MeOH (14 ml) and THF (14 ml) was added Pd(OH)2 / 
C (125 mg). After stirred for 15 h at room temperature under H2, the reaction mixture was filtered 
on Celite and rinsed with AcOEt. The filtrate was concentrated in vacuo. The residue was purified 
by column chromatography on silica (hexane / ethyl acetate = 1 / 4, then MeOH / ethyl acetate = 
1 / 20) to give 110 (864 mg, 90%) as a white solid. 
5-(2-hydroxyethyl)benzene-1,2,3-triol (110) 
1H NMR (500 MHz, DMSO-d) δ 8.60 (br, 2H), 7.80 (br, 1H), 6.08 (s, 2H), 4.51 (t, J = 5.2 Hz, 
1H), 3.46 (dd, J = 12.5, 7.2 Hz, 2H), 2.44 (t, J = 7.3 Hz, 2H). 
 
 
To a solution of 110 (850 mg, 5 mmol) in DMF (17 ml) was added K2CO3 (3.3 g, 20 mmol) and 
stearyl bromide (7.3 g, 25 mmol) at room temperature. After stirred for 5 h at 70℃, the reaction 
mixture was cooled to room temperature and a white solid was precipitated. The mixture was 
filtered to collect white solid and washed with H2O and MeOH. The solid is purified by colum 
chromatography on silica (AcOEt / Hexane = 1 / 9, then 1 / 4) to give 111 as a white solid (3.0 g, 
64%). 
2-(3,4,5-tris(octadecyloxy)phenyl)ethan-1-ol (111)[14] 
1H NMR (400 MHz, CDCl3) δ 6.37 (s, 2H), 3.92-3.96 (m, 8H), 3.85 (m, 1H), 2.76 (t, J = 8.0 Hz, 















MeOH / THF = 1 : 1



















To a toluene solution (2.5 ml) of stearyl alcohol (163 mg, 0.6 mmol) and MS4A (549 mg) was 
added 1,5,7-Triazabicyclo [4.4.0] dec-5-ene (TBD) (83 mg, 0.6 mmol). After stirring for 30 min 
at room temperature, a toluene solution of dinucleotide 94 (549 mg, 0.5 mmol) was added to the 
mixture at 0℃. After stirring for 3h, the reaction quenched by addition of a toluene solution (0.6 
mL) of acetic acid (24 mg, 0.6 mmol) at 0°C. The mixture was filtered on Celite and washed with 
ethyl acetate. The filtrate was washed successively with phosphate buffer (pH = 7), water and 
brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by column 
chromatography on silica (hexane/ethyl acetate = 1/1+1% Et3N) to give 119 (507 mg, 80%) as a 




yl)methyl) octadecyl phosphate (112) 
1H NMR (500 MHz, CDCl3) δ 7.98 (d, J = 7.4 Hz, 1H, one diastereomer), 7.95 (d, J = 7.4 Hz, 
1H, the other diastereomer), 7.89 (d, J = 7.4 Hz, 1H, the other diastereomer), 7.85 (d, J = 7.4 Hz, 
1H, one diastereomer), 7.36-7.34 (m, 9H), 6.84-6.82 (m, 4H), 6.36 (t, J = 6.4 Hz, 1H), 6.24 (t, J 
= 6.3 Hz, 1H, one diastereomer), 6.23 (t, J = 6.23, J = 6.4 Hz, the other diastereomer), 6.06-5.98 
(m, 2H), 5.903 (d, J = 7.4 Hz, 1H, the other diastereomer), 5.899 (d, J = 7.4 Hz, 1H, one 
diastereomer), 5.62 (d, J = 7.4 Hz, 1H, one diastereomer), 5.62 (d, J = 7.4 Hz, 1H, the other 
diastereomer), 5.40-5.34 (m, 2H), 5.30-5.25 (m, 2H), 5.15-5.11 (m, 1H), 4.88-4.85 (m, 4H), 4.34-
4.15 (m, 4H), 4.07-3.93 (m, 3H), 3.791 (s, one diastereomer), 3.788 (s, the other diastereomer), 
3.49-3.41 (m, 2H), 2.88-2.82 (m, 1H), 2.54-2.46 (m, 1H), 2.35-2.27 (m, 1H), 2.13-2.06 (m, 1H), 




































1.25 (m, 30H), 0.89-0.86 (m, 12H), 0.08 (s, 3H, one diastereomer), 0.075 (s, 3H, one 
diastereomer), 0.067 (s, 3H, the other diastereomer), 0.06 (s, 3H, the other diastereomer). 
13C NMR (126 MHz, CDCl3) δ 170.96, 170.94, 158.67, 155.53, 155.50, 155.47, 143.96, 142.44, 
142.40, 142.30, 142.22, 135.02, 134.97, 134.87, 134.85, 131.94, 131.91, 131.85, 129.99, 128.01, 
127.94, 127.12, 118.70, 118.56, 113.22, 87.11, 87.07, 86.66, 86.55, 86.40, 86.30, 84.97 (d, J = 
7.3 Hz), 84.94 (d, J = 7.7 Hz), 84.81 (d, J = 6.3 Hz), 84.79 (d, J = 6.3 Hz), 77.74 (d, J = 4.9 Hz), 
70.70, 70.56, 68.65, 68.61, 68.59, 68.54, 67.69, 67.63, 67.62, 66.37 (d, J = 5.9 Hz), 66.20 (d, J = 
5.7 Hz), 62.62, 62.58, 41.60, 41.52, 40.17 (d, J = 3.9 Hz), 30.21 (d, J = 2.8 Hz), 30.16 (d, J = 2.9 
Hz), 29.62, 29.57, 29.51, 29.43, 29.27, 29.06, 17.83, 14.04, -4.70, -4.73, -4.96, -4.99. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -0.78 (one diastereomer), -0.97 
(the other diastereomer). 
IR (ATR) 2924, 2853, 1667, 1628, 1540, 1508, 1468, 1397, 1300, 1249, 1176, 1110, 1075, 1005, 
829, 780, 701, 673. 
MS (ESI) m/z 1290 (M+Na)+. 




To a THF solution (8 mL) of 112 (987 mg, 0.78 mmol), triethylamine (1.7 mL, 11.7 mmol) was 
added triethylamine trihydrofluoride (3HF•Et3N) (1.3 mL, 7.8 mmol). After being stirred for 14 
h at 40℃, the reaction mixture was quenched by addition of saturated sodium bicarbonate at 0℃. 
The mixture was extracted with CHCl3 thrice. The combined extracts were dried over Na2SO4 
and concentrated in vacuo. The residue was purified by column chromatography on silica (CHCl3 
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1H NMR (500 MHz, CDCl3) δ 7.98 (d, J = 7.4 Hz, one diastereomer), 7.93 (d, J = 7.4 Hz, the 
other diastereomer), 7.92 (d, J = 7.4 Hz, one diastereomer), 7.86 (d, J = 7.4 Hz, the other 
diastereomer), 7.40-7.22 (m, 9H), 6.84-6.83 (m, 4H), 6.32 (t, J = 6.4 Hz, 1H), 6.29-6.24 (m, 1H), 
6.05-5.97 (m, 2H), 5.92 (d, J = 7.4 Hz, 1H, one diastereomer), 5.90 (d, J = 7.4 Hz, the other 
diastereomer), 5.70 (d, J = 7.4 Hz, the other diastereomer), 5.66 (d, J = 7.4 Hz, one diastereomer), 
5.40-5.38 (m, 2H, one diastereomer), 5.36-5.35 (m, 2H, the other diastereomer), 5.29-5.25 (m, 
2H), 5.14-5.12 (m, 1H, one diastereomer), 5.10-5.06 (m, 1H, the other diastereomer), 4.87-4.85 
(m, 4H), 4.47-3.98 (m, 8H), 3.792 (s, 6H, one diastereomer), 3.789 (s, 6H, the other diastereomer), 
3.50-3.41 (m, 2H), 2.92 (ddd, J = 14.2, 5.3, 1.9 Hz, 1H, one diastereomer), 2.87 (ddd, J = 14.2, 
5.8, 3.0 Hz, 1H, the other diastereomer), 2.66-2.59 (m, 1H), 2.33-2.17 (m, 1H), 2.12-2.07 (m, 1H), 
1.69-1.61 (m, 2H), 1.31-1.24 (m, 30H), 0.88 (t, J = 6.9 Hz). 
13C NMR (126 MHz, CDCl3) δ 171.04, 170.99, 170.95, 158.68, 155.75, 155.63, 155.58, 143.99, 
143.95, 142.40, 142.29, 142.26, 134. 98, 134.91, 134.89, 131.92, 131.86, 131.80, 131.70, 130.12, 
129.97, 128.00, 127.97, 127.15, 118.85, 118.77, 118.63, 118.62, 113.27, 96.09, 95.81, 95.78, 
95.54, 87.10, 86.63, 86.46, 86.42, 84.86 (d, J = 7.8 Hz), 84.72 (d, J = 6.6 Hz), 84.67 (d, J = 7.0 
Hz), 84.44 (d, J = 7.3 Hz), 78.66 (d, J = 4.9 Hz), 77.90 (d, J = 5.3 Hz), 70.25, 69.52, 68.78 (d, J 
= 6.1 Hz), 66.36 (d, J = 5.3 Hz), 62.86, 62.59, 55.20, 55.19, 41.16, 41.11, 40.16, 40.04, 31.85, 
30.21, 30.16, 29.64, 29.59, 29.53, 29.45, 29.29, 29.07, 25.32, 22.62, 14.06. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -0.73 (one diastereomer), -1.16 
(the other diastereomer). 
IR (ATR) 3374, 2922, 2852, 1655, 1627, 1541, 1508, 1468, 1397, 1300, 1248, 1175, 1115, 1000, 
783 cm-1 
MS (ESI) m/z 1175 (M+Na)+. 





To a heterogeneous mixture of 115 (800 mg, 0.69 mmol) and diethylammonium 
hydrogencarbonate (1118 mg, 8.3 mmol) in CH2Cl2 (7 ml) was added Pd(PPh3) (35 mg, 0.03 
mmol) and PPh3 (5 mg, 0.02 mmol). After being stirred for 2 h at room temperature, the reaction 
mixture was concentrated and the residue was purified by column chromatography on silica 




dihydropyrimidin-1(2H)-yl)-3-hydroxytetrahydrofuran-2-yl)methyl) octadecyl phosphate 
(96) 
1H NMR (500 MHz, CDCl3) δ 10.30-9.90 (br, 2H), 7.68 (d, J = 8.2 Hz, 1H, one diastereomer), 
7.66 (d, J = 8.2 Hz, 1H, the other diastereomer), 7.55 (d, J = 8.2 Hz, 1H, one diastereomer), 7.49 
(d, J = 8.2 Hz, 1H, the other diastereomer), 7.35-7.21 (m, 9H), 6.85-6.83 (m, 4H),6.32-6.27 (m, 
1H), 6.23 (t, J = 6.4 Hz, 1H), 5.73 (d, J = 3.9 Hz, one diastereomer), 5.71 (d, J = 3.9 Hz, the other 
diastereomer), 5.40 (t, J = 7.9 Hz, 1H), 5.16 (t, J = 5.3 Hz, 1H, one diastereomer), 5.09 (t, J = 5.6 
Hz, 1H, the other diastereomer), 4.50-4.46 (m, 1H, one diastereomer), 4.45-4.42 (m, 1H, the other 
diastereomer), 4.34-4.00 (m, 7H), 3.78 (s, 3H), 3.78 (s, 3H), 3.46-3.42 (m, 2H), 2.74-2.65 (m, 
1H), 2.48-2.30 (m, 2H), 2.20-2.10 (m, 1H), 1.68-1.59 (m, 2H), 1.31-1.23 (m, 30H), 0.87 (t, J = 
6.9 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 163.62, 163.49, 163.41, 163.34, 158.71, 150.89, 150.72, 150.49, 
143.99, 143.93, 140.00, 139.84, 139.75, 139.51, 134.96, 134.95, 134.84, 134.81, 130.03, 128.01, 
127.21, 113.30, 102.84, 102.74, 102.67, 102.53, 87.26, 87.25, 85.67, 85.53, 84.93, 84.81, 84.93-
84.52 (m), 78.69 (d, J = 4.8 Hz), 78.49 (d, J = 6.6 Hz), 70.88, 70.74, 68.85 (d, J = 6.0 Hz), 68.72 
(d, J = 6.1 Hz), 62.93, 40.20, 40.08, 39.37, 39.09, 31.86, 30.24, 30.19,30.15, 29.66, 29.60, 29.56, 
















PPh3 (3 mol %)
















31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -0.9 (one diastereomer), -1.7 (the 
other diastereomer). 
IR(ATR) 3413, 3177, 3056, 2922, 2852, 1685, 1508, 1458, 1377, 1247, 1175, 1002, 825, 701; 
MS (ESI) m/z 1095 (M+Na)+. 




To a toluene solution (2.5 ml) of 109 (358 mg, 0.6 mmol) and flame-dried MS4A (549 mg) was 
added 1,5,7-Triazabicyclo [4.4.0] dec-5-ene (TBD) (83 mg, 0.6 mmol). After stirring for 30 min 
at room temperature, a toluene solution of dinucleotide 94 (549 mg, 0.5 mmol) was added to the 
mixture. After stirring for 1.5 h at room teperature, the reaction quenched by addition of a toluene 
solution (0.6 mL) of acetic acid (24 mg, 0.6 mmol) at 0°C. The mixture was filtered on Celite and 
washed with ethyl acetate. The filtrate was washed successively with phosphate buffer (pH = 7), 
water and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by 
column chromatography on silica (hexane/ethyl acetate = 1/1+ 1% Et3N) to give 120 (562 mg, 




yl)methyl) ((R)-2,3-bis(octadecyloxy)propyl) phosphate (120) 
1H NMR (500 MHz, CDCl3) δ 7.97 (d, J = 7.4 Hz, 1H, one diastereomer), 7.93 (d, J = 7.3 Hz, 
1H, the other diastereomer), 7.91 (d, J = 7.3 Hz, 1H, one diastereomer), 7.87 (d, J = 7.4 Hz, 1H, 
the other diastereomer), 7.36-7.34 (m, 2H), 7.30-7.22 (m, 7H), 6.84-6.82 (m, 4H), 6.37 (t, J = 7.2 
Hz, 1H, one diastereomer), 6.35 (t, d, J = 7.5 Hz, 1H, the other diastereomer), 6.24 (t, J = 5.9 Hz, 







































(d, J = 7.4 Hz, 1H, one diastereomer), 5.926 (d, J = 7.4 Hz, 1H, the other diastereomer), 5.61 (d, 
J = 7.4 Hz, 1H, one diastereomer), 5.60 (d, J = 7.4 Hz, 1H, one diastereomer), 5.40-5.34 (m, 2H), 
5.29-5.24 (m, 2H), 5.19-5.14 (m, 1H), 4.88-4.84 (m, 4H), 4.37-4.13 (m, 5H), 4.09-4.04 (m, 1H), 
4.00-3.93 (m, 1H), 3.800 (s, 6H, one diastereomer), 3.786 (s, 6H, the other diastereomer), 3.64-
3.40 (m, 9H), 2.90-2.83 (m, 1H), 2.54-2.46 (m, 1H), 2.35-2.27 (m, 1H), 2.12-2.05 (m, 1H), 2.12-
2.05 (m, 1H), 1.52-1.48 (m, 1H), 1.31-1.25 (m, 60H), 0.89-0.86 (m, 15H), 0.083 (s, 3H, one 
diastereomer), 0.078 (s, 3H, one diastereomer), 0.066 (s, 3H, the other diastereomer), 0.058 (s, 
3H, the other diastereomer). 
13C NMR (126 MHz, CDCl3) δ 170.95, 170.94, 158.67, 155.49, 143.98, 142.49, 142.43, 142.33, 
142.25, 135.05, 135.01, 134.87, 134.84, 131.97, 131.95, 131.97, 130.00, 129.96, 128.03, 128.01, 
127.95, 127.11, 118.68, 118.50, 113.25, 113.23, 95.74, 95.69, 95.58, 87.12, 87.09, 86.63, 86.54, 
86.40, 86.37, 85.01, 84.98, 84.95, 84.91, 84.85, 78.25 (d, J = 4.7 Hz), 78.08 (d, J = 4.9 Hz), 71.81 
(d, J = 4.2 Hz), 70.76, 70.65, 70.62, 69.22, 67.84 (d, J = 4.9 Hz), 67.69, 67.40, 66.48 (d, J = 5.6 
Hz), 66.25 (d, J = 5.6 Hz), 62.80, 62.69, 55.15, 41.65, 41.57, 40.25 (d, J = 4.3 Hz), 40.13, 31.85, 
29.94, 29.64, 29.60, 29.59, 29.54, 29.44, 29.29, 26.00, 25.95, 25.63, 25.62, 22.61, 17.84, 17.82, 
14.05, -4.69, -4.73, -4.94, -4.96. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -0.81 
IR (ATR) 2924, 2853, 1665, 1629, 1541, 1508, 1468, 1398, 1301, 1251, 1176, 1113, 1204, 940, 
830, 783, 753, 664 cm-1. 
MS (ESI) m/z 1616 (M+Na)+. 
















ODMTrO O 3HF・Et3N (10 eq.)
Et3N (15 eq.)





















To a THF solution (7.5 mL) of 113 (1.2 g, 0.75 mmol), triethylamine (1.6 mL, 11 mmol) was 
added triethylamine trihydrofluoride (3HF•Et3N) (1.2 mL, 7.5 mmol). After being stirred for 14 
h at 40℃, the reaction mixture was quenched by addition of saturated sodium bicarbonate at 0℃. 
The mixture was extracted with CHCl3 thrice. The combined extracts were dried over Na2SO4 
and concentrated in vacuo. The residue was purified by column chromatography on silica (CHCl3 
/ MeOH = 100 / 1 + 1% Et3N, then 50 / 1) to give 116 (920 mg, 83%) as a diastereomer mixture 




bis(octadecyloxy)propyl) phosphate (116) 
1H NMR (500 MHz, CDCl3) δ 7.87 (d, J = 7.7 Hz, one diastereomer), 7.95 (d, J = 8.0 Hz, the 
other diastereomer), 7.94 (d, J = one diastereomer), 7.88 (d, J = 7.4 Hz, 1H), 7.36-7.34 (m, 2H), 
7.31-7.21 (m, 7H), 6.85-6.82 (m, 4H), 6.34 (t, J = 6.5 Hz, 1H, one diastereomer), 6.30-6.23 (m, 
1H), 6.05-5.97 (m, 2H), 5.95 (d, J = 7.4 Hz, the other diastereomer), 5.93 (d, J = 7.4 Hz, one 
diastereomer), 5.68 (d, J = 7.4 Hz, the other diastereomer), 5.64 (d, J = 7.4 Hz, one diastereomer), 
5.39 (dt, Jd = 1.4 Hz, Jt = 5.9 Hz, one diastereomer), 5.35 (dt, Jd = 1.4 Hz, Jt = 5.9 Hz, the other 
diastereomer), 5.29-5.24 (m, 2H), 5.16-5.15 (m, 1H), 4.87-4.84 (m, 4H), 4.48-3.99 (m, 8H), 3.789 
(s, 6H, one diastereomer), 3.782 (s, 6H, the other diastereomer), 3.64-3.42 (m, 9H), 2.92 (ddd, J 
= 14.0, 5.8, 2.4 Hz, 1H, one diastereomer), 2.90 (ddd, J = 14.4, 5.6, 2.4 Hz, 1H, the other 
diastereomer), 2.66-2.59 (m, 1H), 2.34-2.24 (m, 1H), 2.22-2.08 (m, 1H), 1.53-1.50 (m, 4H), 1.26 
(m, 60H), 0.88 (t, 6.9 Hz, 6H). 
13C NMR (126 MHz, CDCl3) δ 171.02, 170.92, 158.61, 155.63, 155.55, 155.52, 143.93, 143.89, 
142.39, 142.32, 142.29, 142.20, 134.93, 134.81, 131.90, 131.84, 131.75, 131.67, 129.94, 129.91, 
127.94, 127.91, 127.05, 118.72, 118.64, 118.49, 118.42, 113.20, 95.90, 95.69, 95.57, 87.05, 86.47, 
86.43, 86.34, 84.80 (d, J = 9.1 Hz), 84.73 (d, J = 7.1 Hz), 84.51 (d, J = 6.7 Hz), 84.29 (d, J = 7.2 
Hz), 78.73 (d, J = 5.0 Hz), 71.77 (d, J = 4.8 Hz), 70.63, 70.55, 69.80, 69.10 (d, J = 7.6 Hz), 67.73-
67.44 (m), 66.52, 66.30, 62.83, 62.63, 55.09, 41.06 (d, J = 4.0 Hz), 40.14, 39.98, 31.79, 29.82, 
29.80, 29.58, 29.46, 29.37, 29.34, 29.23, 25.93, 25.86, 22.55, 13.99. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -0.90 (one diastereomer), -0.96 
(the other diastereomer). 
 190 
IR (ATR) 3380, 2923, 2853, 1654, 1633, 1542, 1508, 1469, 1303, 1251, 1176, 1116, 1014 cm-1 
MS (ESI) m/z 1501 (M+Na)+. 




To a heterogeneous mixture of 116 (900 mg, 0.61 mmol) and diethylammonium 
hydrogencarbonate (986 mg, 7.3 mmol) in CH2Cl2 (6 ml) was added Pd(PPh3) (35 mg, 0.03 mmol) 
and PPh3 (7 mg, 0.02 mmol). After being stirred for 2 h at room temperature, the reaction mixture 
was concentrated and the residue was purified by column chromatography on silica (CHCl3 / 





1H NMR (500 MHz, CDCl3) δ 10.13-9.74 (br, 2H), 7.66 (d, J = 8.2 Hz, 1H, one diastereomer), 
7.66 (d, J = 8.2 Hz, 1H, the other diastereomer), 7.54 (d, J = 8.2 Hz, 1H, one diastereomer), 7.47 
(d, J = 8.2 Hz, 1H, the other diastereomer), 7.34-7.22 (m, 9H), 6.85-6.82 (m, 4H), 6.34 (dd, J = 
6.0, 7.7 Hz, 1H, one diastereomer), 6.29 (dd, J = 5.5, 8.2 Hz, the other diastereomer, 1H), 5.75 
(d, J = 8.1 Hz, 1H, one diastereomer), 5.72 (d, J = 8.1 Hz, 1H, the other diastereomer), 5.39 (d, J 
= 8.1 Hz, 1H, one diastereomer), 5.36 (d, J = 8.1 Hz, 1H, the other diastereomer), 5.17-5.16 (m, 
1H), 4.51-3.99 (m, 8H), 3.79 (s, 3H), 3.78 (s, 3H), 3.65-3.41 (m, 9H), 2.76-2.67 (m, 1H), 2.48-
2.30 (m, 2H), 2.17 (ddd, J = 6.6, 13.5, 20.5 Hz, 1H), 1.54-1.50 (m, 4H), 1.29-1.25 (m, 60H), 0.88 
(t, J = 6.9 Hz, 6H). 
13C NMR (126 MHz, CDCl3) δ 163.52, 163.40, 163.35, 163.26, 158.70, 150.86, 150.69, 150.41, 



















PPh3 (3 mol %)




















127.19, 113.30, 102.79,102.73, 102.62, 102.57, 87.27, 85.53, 85.48, 84.82, 84.63-84.48 (m), 
79.03 (d, J = 4.3 Hz), 78.90 (d, J = 5.5), 71.88, 71.83, 70.68, 70.60, 70.52, 70.49, 69.21, 69.14, 
67.81 (d, J = 6.9 Hz), 67.67 (d, J = 5.7), 66.92, 66.89, 63.06, 40.16, 40.05, 39.39, 39.04, 31.85, 
29.88, 29.87, 29.65, 29.60, 29.52, 29.44, 29.42, 29.29, 25.99, 25.92, 22.6214.05. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -1.0 (one diastereomer), -1.5 (the 
other diastereomer). 
IR(ATR) 3388, 3178, 3055, 2921, 2851, 1685, 1610, 1508, 1458, 1378, 1249, 1176, 1114, 1012, 
825, 760, 701. 
MS(ESI) m/z 1421 (M+Na)+. 
HRMS (ESI) calcd for C78H119N4Na1O16P1 (M+Na)+ 1421.82564, found 1421.82724. 
Light yellow solid 
 
 
To a toluene solution (2.5 ml) of 111 (482 mg, 0.52 mmol) and flame-dried MS4A (475 mg) was 
added 1,5,7-Triazabicyclo [4.4.0] dec-5-ene (TBD) (72 mg, 0.52 mmol). After stirring for 30 min 
at room temperature, a toluene solution of dinucleotide 87 (475 mg, 0.43 mmol) was added to the 
mixture. After stirring for 1.5 h at room teperature, the reaction quenched by addition of a toluene 
solution (0.52 mL) of acetic acid (31 mg, 0.52 mmol) at 0°C. The mixture was filtered on Celite 
and washed with ethyl acetate. The filtrate was washed successively with phosphate buffer (pH = 
7), water and brine, dried over Na2SO4, and concentrated in vacuo. The residue was purified by 
column chromatography on silica (hexane / ethyl acetate = 2 / 3 + 1% Et3N, then 4 / 5) to give 














































ethyl) phosphate (114) 
1H NMR (500 MHz, CDCl3) δ 7.96 (d, J = 7.4 Hz, the other diastereomer), 7.93 (d, J = 7.4 Hz, 
one diastereomer), 7.86 (d, J = 7.4 Hz, one diastereomer), 7.81 (d, J = 7.4 Hz, the other 
diastereomer), 7.35-7.33 (m, 2H), 7.28-7.21 (m, 7H), 6.83-6.81 (m, 4H), 6.36-6.33 (m, 3H), 6.22 
(t, J = 6.0 Hz, 1H), 6.06-5.96 (m, 2H), 5.88 (d, J = 7.4 Hz, the other diastereomer), 5.88 (d, J = 
7.4 Hz, one diastereomer), 5.63 (d, J = 7.4 Hz, the other diastereomer), 5.62 (d, J = 7.4 Hz, one 
diastereomer), 5.38 (dt, Jd = 17.2 Hz, Jt = 1.5 Hz, 2H, the other diastereomer), 5.36 (dq, Jd = 17.2 
Hz, Jt = 1.6 Hz, 2H, one diastereomer), 5.29-5.24 (m, 2H), 5.13 (br, 1H), 4.88-4.85 (m, 4H), 4.30-
4.27 (m, 2H), 4.24-4.08 (m, 4H), 4.03-4.02 (m, 1H, one diastereomer), 3.970-3.966 (m, 1H, the 
other diastereomer), 3.92-3.88 (m, 6H), 3.775 (s, 3H, the other diastereomer), 3.772 (s, 3H, one 
diastereomer), 3.766 (s, 3H, the other diastereomer), 3.763 (s, 3H, one diastereomer), 3.48-3.40 
(m, 2H), 2.90 (t, J = 7.6 Hz), 2.86-2.82 (m, 2H), 2.52-2.45 (m, 1H), 2.33-2.28 (m, 1H), 2.12-2.03 
(m, 1H), 1.79-1.69 (m, 6H), 1.45-1.43 (m, 6H), 1.30-1.26 (m, 90H), 0.89-0.86 (m, 18H). 0.076 
(s, 3H, the other diastereomer), 0.066 (s, 3H, one diastereomer), 0.059 (s, 3H, the other 
diastereomer), 0.046 (s, 3H, one diastereomer). 
13C NMR (126 MHz, CDCl3) δ 170.96, 170.93, 170.91, 158.66, 155.50, 155.47, 155.42, 153.19, 
143.95, 142.41, 142.37, 142.33, 142.24, 137.09, 134.98, 134.93, 134.81, 131.91, 131.90, 131.82, 
131.00, 129.97, 129.93, 127.97, 127.93, 127.10, 118.68, 118.54, 113.21, 107.24, 95.64, 95.61, 
87.09, 87.06, 86.71, 86.62, 86.43, 86.33, 84.90 (d, J = 7.5 Hz), 84.81, 84.78, 78.01 (d, J = 4.3 
Hz), 73.30, 70.77, 70.63, 69.07 (d, J = 1.4 Hz), 68.65 (d, J = 5.8 Hz), 67.65 (d, J = 7.1 Hz), 66.44 
(d, J = 5.4 Hz), 66.29 (d, J = 5.6 Hz), 62.62 (d, J = 4.0 Hz), 55.11, 41.43 (d, J = 7.6 Hz), 40.10, 
36.94 (d, J = 6.7 Hz), 31.84, 30.28, 29.69, 29.68, 29.64, 29.59, 29.40, 29.28, 26.07, 25.60, 22.60, 
17.80, 14.03, -4.72, -4.75, -4.97, -4.99. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -1.07 (one diastereomer), -1.15 
(the other diastereomer). 
IR (ATR) 2916, 1849, 1664, 1629, 1541, 1508, 1467, 1302, 1250, 1114, 1004, 830, 752 cm-1 
MS (ESI) m/z 1946 (M+Na)+. 




To a THF solution (9.5 mL) of 114 (1.8 g, 0.94 mmol), triethylamine (2.0 mL, 14 mmol) was 
added triethylamine trihydrofluoride (3HF•Et3N) (1.6 mL, 9.4 mmol). After being stirred for 13 
h at 40℃, the reaction mixture was quenched by addition of saturated sodium bicarbonate at 0℃. 
The mixture was extracted with CHCl3 thrice. The combined extracts were dried over Na2SO4 
and concentrated in vacuo. The residue was purified by column chromatography on silica (CHCl3 





ethyl) phosphate (117) 
1H NMR (500 MHz, CDCl3) δ 7.96 (d, J = 7.4 Hz, 1H, one diastereomer), 7.92 (d, J = 7.4 Hz, the 
other diastereomer), 7.86 (d, J = 7.4 Hz, the other diastereomer), 7.78 (d, J = 7.4 Hz, 1H, the other 
diastereomer), 7.35-7.34 (m, 2H), 7.29-7.21 (m, 7H), 6.82 (d, J = 8.8 Hz, 4H), 6.37 (d, J = 11.7 
Hz, 2H), 6.32-6.22 (m, 2H), 6.06-5.96 (m, 2H), 5.88 (d, J = 7.7 Hz, one diastereomer), 5.86 (d, J 
= 8.1 Hz, the other diastereomer), 5.68 (d, J = 7.4 Hz, the other diastereomer), 5.66 (d, J = 7.4 
Hz, one diastereomer), 5.40-5.34 (m, 2H), 5.27 (t, J = 11.5 Hz, 2H), 5.12-5.08 (m, 1H), 4.87-4.83 
(m, 4H), 4.38-4.02 (m, 8H), 3.93-3.90 (m, 6H), 3.77 (s, 6H), 3.48-3.40 (m, 2H), 2.91-2.83 (m, 
3H), 2.63-2.55 (m, 1H), 2.32-2.22 (m, 1H), 2.17-2.13 (m, 1H), 2.07-2.02 (m, 1H), 1.77-1.69 (m, 
6H), 1.45-1.44 (m, 6H), 1.26 (m, 90 H), 0.88 (t, J = 6.9 Hz). 
13C NMR (126 MHz, CDCl3) δ 171.00, 170.91, 170.89, 158.64, 155.67, 155.58, 155.53, 155.51, 
143.96, 143.92, 142.39, 142.34, 142.29, 142.25, 136.99, 136.96, 134.92, 134.91, 134.84, 134.81, 
131.88, 131.84, 131.75, 131.68, 131.39, 131.33, 129.96, 129.93, 127.93, 127.09, 118.78, 118.71, 











































J = 7.6 Hz), 84.70 (d, J = 6.5 Hz), 84.56 (d, J = 6.7 Hz), 84.44 (d, J = 7.5 Hz), 78.60 (d, J = 4.9 
Hz), 78.01 (d, J = 5.1 Hz), 73.37, 73.36, 70.28, 69.71, 69.13 (d, J = 4.3 Hz), 68.72 (d, J = 6.5 Hz), 
68.67 (d, J = 6.7 Hz), 67.78, 68.70, 67.62, 67.61, 66.80, 66.56 (d, J = 5.3 Hz), 62.77, 62.56, 55.12, 
45.96, 41.02 (d, J = 2.8 Hz), 40.04, 39.97, 36.85, 31.83, 30.25, 29.67, 29.63, 29.58, 29.38, 29.27, 
26.05, 22.59, 14.02. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -1.11 (one diastereomer), -1.35 
(the other diastereomer). 
MS (ESI) m/z 1832 (M+Na)+. 




To a heterogeneous mixture of 117 (1.35 g, 0.75 mmol) and diethylammonium 
hydrogencarbonate (1215 mg, 9.0 mmol) in CH2Cl2 (7.5 ml) was added Pd(PPh3) (43 mg, 0.04 
mmol) and PPh3 (6 mg, 0.02 mmol). After being stirred for 3 h at room temperature, the reaction 
mixture was concentrated and the residue was purified by column chromatography on silica 




yl)methyl) (3,4,5-tris(octadecyloxy)phenethyl) phosphate (98) 
1H NMR (500 MHz, CDCl3) δ 10.11-9.52 (br, 2H), 7.66 (d, J = 7.8 Hz, 1H, the other diastereomer), 
7.65 (d, J = 7.8 Hz, 1H, one diastereomer), 7.54 (d, J = 8.2 Hz, 1H, one diastereomer), 7.48 (d, J 
= 8.1 Hz, 1H, one diastereomer), 7.38 (d, J = 8.1 Hz, 1H, the other diastereomer), 7.32-7.22 (m, 






















PPh3 (3 mol %)





















Jd = 13.3 Hz, Jt = 6.6 Hz, 1H), 5.72 (d, J = 8.1 Hz, 1H, one diastereomer), 5.69 (d, J = 8.1 Hz, 
1H, the other diastereomer), 5.39 (t, J = 8.3 Hz, 1H), 5.13 (br, 1H, one diastereomer), 5.08 (br, 
1H, the other diastereomer), 4.37-3.97 (m, 8H), 3.92-3.87 (m, 6H), 3.77 (6H), 3.44-3.42 (m, 2H), 
2.89-2.84 (m, 2H), 2.72-2.61 (m, 2H), 2.42-2.31 (m, 2H), 2.17-2.07 (m, 1H), 1.77-1.71 (m, 6H), 
1.25 (m, 90H), 0.88 (t, J = 6.7 Hz, 3H). 
13C NMR (126 MHz, CDCl3) δ 163.44, 163.28, 163.25, 163.15, 158.73, 153.20, 150.82, 150.64, 
150.33, 150.24, 140.07, 139.93, 139.75, 139.50, 136.97, 134.91, 134.80, 134.77, 131.52, 131.41, 
130.04, 128.03, 127.23, 113.32, 107.47, 107.38, 102.84, 102.76, 102.58, 87.27, 85.84, 85.70, 
84.96, 84.96-84.55 (m), 78.74 (d, J = 5.0 Hz), 78.57 (d, J = 6.4 hz), 73.52, 73.48, 70.83, 70.74, 
69.27, 69.19, 68.80, 67.02, 62.93, 39.97, 39.30,39.06, 36.89, 31.89, 30.30, 29.74, 29.71, 29.66, 
29.64, 29.44, 29.34, 26.12, 22.66, 14.09. 
31P NMR (202 MHz, CDCl3, External standard: 85% H3PO4) δ -1.2 (one diastereomer), -1.8 (the 
other diastereomer). 
IR(ATR) 3380, 3198, 3059, 2918, 2850, 1685, 1605, 1586, 1508, 1465, 1379, 1248, 1176, 1115, 
1009, 825, 721; MS(ESI) m/z 1752 (M+Na)+. 
HRMS(ESI) calcd for C101H157N4Na1O17P1 (M+Na)+ 1752.11790, found 1752.12147. 





To a solution of diol 126 (574 mg, 1.0 mmol) and Et3N (0.8 ml, 5.3 mmol) in THF (35 ml) was 
added DMTrCl (1.2 g, 3.5 mmol) at room temperature. After stirred for 3days, the reaction 
mixture was quenched by addition of phosphate buffer (pH=7). The mixture was extracted with 
AcOEt thrice. The conbined extracts were washed with H2O and brine, dried over Na2SO4 and 
concentrated in vacuo. The residue was purified by column chromatography (ethyl acetate / 















1H-NMR (500 MHz, CDCl3) δ 7.46-7.44 (m, 2H), 7.35-7.19 (m, 7H), 6.84-6.81 (m, 4H), 3.79-
3.77 (m, 14H), 3.20 (s, 2H). 
13C-NMR (126 MHz, CDCl3) δ 158.30, 145.35, 136.61, 130.10, 128.27, 127.65, 126.56, 112.93, 
84.87, 64.11, 63.91, 59.15, 58.23, 55.17, 44.44, 43.97. 
IR(ATR) 3347, 2965, 2901, 2835, 1606, 1506, 1443, 1379, 1298, 1245, 1173, 1113, 1030, 825, 
699 cm-1. 
MS (ESI) m/z 489 [M+Na]+ 
HRMS (ESI) calcd for C31H30Na1O4 ([M+Na]+), 489.20418 found 489.20316 





To a solution of 2,6-difluoroaniline 130 (5.2 g, 40 mmol) in acetonitrile (80 ml) was added NBS 
(7.1 g, 40 mmol) at 0°C. After stirred for 15 h at room temperature in darkness, the mixture was 
quenched by addition of water. The mixture was extracted with ethyl acetate. The combined 
extracts were dried over Na2SO4, filtered, and concentrated in vacuo. The residue was purified by 
column chromatography (CH2Cl2 / hexane = 1 / 1) to give 2,6-difluoro-4-bromoaniline 131 as a 
brown solid. (7.9 g, 95 %)  
4-bromo-2,6-difluoroaniline (131) 
1H NMR (500 MHz, CDCl3) δ 7.00 (dd, J = 6.4, 1.3 Hz, 2H), 3.73 (br, 2H). 
13C NMR (126 MHz, CDCl3) δ 151.74 (dd, J = 244.5, 8.8 Hz), 123.50 (t, J = 16.2 Hz), 114.73 
(dd, J = 17.8, 7.8 Hz), 107.06 (t, J = 11.6 Hz). 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 31.03 (d, J = 6.5 Hz). 
IR (ATR) 3422, 3325, 3197, 3092, 1696, 1642, 1604, 1583, 1497, 1427, 1298, 1241, 1217, 1150, 
963, 869, 869, 839, 760, 717 cm-1.  
MS (ESI) m/z 208 (M+H)+. 








F F NBS (1.0 eq.)




To a solution of 2,6-difluoro-4-bromoaniline 131 (7.9 g, 38 mmol) in DMF (80 ml) was added 
CuCN (10.3 g, 114 mmol). After stirred for 15 h at 150°C, the mixture was quenched by addition 
of NH3 12 % aqueous solution. After filtering out solids, the resulting mixture was extracted with 
ethyl acetate. The combined extracts were successively washed with water and brine, dried over 
Na2SO4, filtered, and concentrated in vacuo. The residue was purified by column chromatography 
(CH2Cl2 / hexane = 1 / 1) to give 4-amino-3,5-difluorobenzonitrile 132 as a white solid. (5.2 g, 
88 %). 
4-amino-3,5-difluorobenzonitrile (132) 
1H NMR (500 MHz, CDCl3) δ 7.15 (dd, J = 6.0, 2.2 Hz, 2H), 4.28 (br, 2H). 
13C NMR (126 MHz, CDCl3) δ 151.74 (dd, J = 244.0, 9.2 Hz), 129.59 (t, J = 15.6 Hz), 117.88, 
115.44 (dd, J = 17.0, 7.8 Hz), 98.32 (t, J = 11.1 Hz). 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 30.96 (d, J = 7.6 Hz). 
IR (ATR) 3481, 3362, 3229, 2228, 1637, 1576, 1428, 1444, 1349, 1277, 1144, 970, 865, 775, 725, 
674 cm-1.  
MS (ESI) m/z 154 (M). 




4-amino-3,5-difluorobenzonitrile 132 (5.1g, 33mol) was suspended in 1M NaOH aqueous 
solution (70 ml) and refluxed for 16 h. After confirming disappearance of starting material by 
TLC (CH2Cl2 / Hexane = 1 / 1), the reaction was quenched by addition of 1M HCl (80 ml) until 
salts precipitate. The salts were then dissolved in EtOAc. The organic layer was dried over 
Na2SO4, filtered, and concentrated under reduced pressure. The crude product 133 was dissolved 















1N NaOH, reflux, 14 h





















mg, 3.3 mmol) and EDC・HCl (7.5 g, 40 mmol) was added to the mixture. After stirred for 12 h 
at room temperature, the reaction mixture was dissolved in ethyl acetate, and then washed with 
water. The organic layer was dried over Na2SO4, filtered, and concentrated in vacuo. The residue 
was purified by column chromatography (ethyl acetate / Hexane = 1 / 2) to give the target product 
134 as a white solid (10.5 g, 32 mmol, 96 % from 33 mmol of 4-amino-3,5-difluorobenzonitrile 
132). 
4-amino-N-(2-((tert-butyldimethylsilyl)oxy)ethyl)-3,5-difluorobenzamide (134) 
1H NMR (500 MHz, CDCl3) δ 7.28 (dd, J = 7.1, 2.1 Hz, 2H), 6.38 (br, 1H), 4.04 (br, 1H), 3.76 (t, 
J = 5.2 Hz, 2H), 3.53 (q, J = 5.3 Hz, 2H), 0.90 (s, 9H), 0.07 (s, 6H). 
13C NMR (126 MHz, CDCl3) δ 165.29, 151.03 (dd, J = 242.0, 8.2 Hz), 127.29 (t, J = 16.3 Hz), 
122.85 (t, J = 7.3 Hz), 110.01 (dd, J = 16.0, 6.9 Hz), 61.73, 42.09, 25.86, 18.25, -5.36. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) δ 29.75 (d, J = 7.4 Hz). 
IR (ATR) 3480, 3359, 3282, 3200, 2951, 2928, 2857, 1645, 1618, 1578, 1511, 1462, 1338, 1298, 
1254, 1988, 931,829, 779 cm-1. 
MS (ESI) m/z 353 (M+Na)+. 
HRMS (ESI) calcd for C15H24F2N2Na1O2Si1 (M+Na)+ 353.14728, found 353.14723. 
White solid. 
 
To a solution of 134 (1.77 g, 5.36 mmol) in CH2Cl2 (70 ml) was added DBU (1.6 ml, 10.7 
mmol), and then NCS (1.44 g, 10.7 mmol) was added as a solid to the reaction mixture at room 
temperature. The mixture was stirred for 1 h at room temperature before quenching by addition 
of a saturated bicarbonate solution. The organic layer was separated, washed sequentially with 
water, dried over Na2SO4, filtered, and concentrated under reduced pressure. The residue was 
purified by column chromatography (ethyl acetate / hexane = 1 / 2) to give desired azobenzene 
135 as a red solid. (1.23 g, 70 %). 
(E)-4,4'-(diazene-1,2-diyl)bis(N-(2-((tert-butyldimethylsilyl)oxy)ethyl)-3,5-
difluorobenzamide) (135) 
1H NMR (500 MHz, CDCl3) (E isomer) δ 7.47 (d, J = 8.9 Hz, 4H), 6.56 (t, J = 5.4 Hz, 2H), 3.81 
(t, J = 3.71 Hz, 4H), 3.59 (q, J = 5.3 Hz, 4H), 0.92 (s, 18H), 0.09 (s, 6H). 
H2N
F
F DBU (2.0 eq.)
NCS (2.0 eq.)





















13C NMR (126 MHz, CDCl3) (E isomer) δ 164.02, 155.39 (dd, J = 264.0, 4.0 Hz), 138.03 (t, J = 
8.6 Hz), 133.17 (t, J = 10.2 Hz), 111.48 (dd, J = 21.9, 3.2 Hz), 61.46, 42.38, 25.89, 18.29, -5.31. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) (E isomer) δ 43.11 (d, J = 
9.3 Hz). 
IR (ATR) 3271, 3085, 2929, 2853, 1719, 1638, 1547, 1472, 1427, 1340, 1250, 1203, 1124, 
1097, 934, 828, 689 cm-1. 
MS (ESI) m/z 679 (M+Na)+. 




To a solution of azobenzene 135 (1.21 g, 1.84 mmol) in EtOH (10 ml) was 1% of conc. HCl in 
EtOH (10 ml) at room temperature. After stirred for 3 h, the reaction mixture was EtOH and HCl 
were removed under reduced pressure. The solid was dissolved in MeOH, washed with hexane 
and concentrated under reduced pressure to give target diol as a red solid (790 mg, 100 %). 
(E)-4,4'-(diazene-1,2-diyl)bis(3,5-difluoro-N-(2-hydroxyethyl)benzamide) (136) 
1H NMR (500 MHz, CDCl3) (E isomer) δ 8.80 (t, J = 5.6 Hz, 2H), 7.81 (d, J = 10.1 Hz, 4H), 4.79 
(br, 1H), 3.53 (t, J = 5.8 Hz, 4H), 3.35 (q, J = 5.8 Hz, 6H). 
13C NMR (126 MHz, CDCl3) (E isomer) δ 162.96, 154.37 (dd, J = 260.7, 4.0 Hz), 138.59 (t, J = 
2.6 Hz), 131.83 (t, J = 2.6 Hz), 112.13 (dd, J = 21.8, 2.8 Hz), 59.43. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) (E isomer) δ 42.39 (d, J = 
10.7 Hz). 
IR (ATR) 3326, 3075, 2938, 2882, 1639, 1546, 1432, 1364, 1336, 1275, 1210, 1132, 884, 725 
cm-1. 
MS (ESI) m/z 451(M+Na)+. 
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To a solution of diol (428 mg, 1.0 mmol) in pyridine (20 ml) was added DMTCl (339 mg, 1 
mmol) at room temperature. After stirred overnight (15 h), the reaction mixture was quenched by 
addition of MeOH and concentrated under reduce pressure. The residue was purified by column 
chromatography (ethyl acetate / hexane = 1 / 2 then ethyl acetate / MeOH = 9 / 1) to provide 
DMT-protected azobenzene monoalcohol (248 mg, 0.34 mmol) as a red solid. 
(E)-N-(2-(bis(4-methoxyphenyl)(phenyl)methoxy)ethyl)-4-((2,6-difluoro-4-((2-
hydroxyethyl)carbamoyl)phenyl)diazenyl)-3,5-difluorobenzamide (135) 
1H NMR (500 MHz, CDCl3) (E isomer) δ 7.28-7.17 (m, 13H), 6.88 (t, J = 5.3 Hz, 1H), 6.84-6.81 
(m, 4H), 6.47 (t, J = 5.4 Hz, 1H), 3.87-3.84 (m, 2H), 3.77 (s, 6H), 3.66-3.61 (m, 4H), 3.41 (t, J = 
5.0 Hz, 2H). 
13C NMR (126 MHz, CDCl3) (E isomer) δ 164.89, 164.25, 158.60, 158.55, 155.29 (dd, J = 264.4, 
3.8 Hz), 144.58, 137.90 (t, J = 8.6 Hz), 137.61 (t, J = 8.6 Hz), 135.75, 133.06 (t, J = 10.0 Hz), 
129.92,127.99, 127.96, 127.01, 113.24, 111.73-111.37 (m), 86.41, 61.78, 61.70, 61.61, 55.22, 
55.20. 
19F NMR (470 MHz, CDCl3, Internal standard: Hexafluorobenzene) (E isomer) δ 43.25 (d, J = 
9.3 Hz), 43.21 (d, J = 9.4 Hz). 
IR (ATR) 3296, 3064, 2933, 1643, 1607, 1570, 1541, 1507, 1427, 1334, 1300, 1247, 1218, 1174, 
1032, 876, 826, 750, 701 cm-1. 
MS (ESI) m/z 753 (M+Na)+. 
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